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Abstract

To properly manage the Installation Restoration Program (IRP) in the future, Air Force

remedial project managers (RPMs) need a metric to assist in the selection of remedial

alternatives for the safe and effective clean up of waste contamination sites. If the

baseline site risk assessment indicates that it is necessary to remediate a waste

contamination site, it is important to the RPM that the selection process for remediation

alternatives considers the potential human health and ecological risks associated with the

proposed remediation process. In some instances, the risks may be significant when

compared to the baseline conditions.

The Air Force currently uses the Defense Priority Model (DPM) to assist in setting

priorities for funding remedial actions based on the relative risk at IRP sites. The DPM

provides a numerical score representing the relative potential risk based on the

environmental conditions at a site before remedial actions are taken. This study

investigates the applicability of the DPM to calculate the relative risks that would be

associated with the remedial alternatives under consideration for remediation of the

contamination site characteristics. Furthermore, this study compares the relative risks of

the remedial alternatives to the reduction in baseline relative risk from remedial efforts.

If the relative risk of a remedial activity is greater than the reduction in relative risk of the

contaminated site, a different remedial alternative is desired.

Rescoring the DPM to represent relative risk of a site under remedial action conditions

demonstrates that three factors influence the risk value of a remedial action: waste

quantity, waste containment effectiveness, and waste concentration. Limits of the waste

containment effectiveness factor made it impossible to discern relative risk between

similar remedial alternatives. Furthermore, for all cases of contamination sites under

remedial conditions, the relative risk of the remedial action was less than the reduction in

baseline relative risk due to the improvement in waste containment.
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APPLICATION OF A RISK MODEL TO QUANTIFY RELATIVE RISK

OF REMEDIAL ACTIONS

I. INTRODUCTION

General Issue

"[T]he number of hazardous waste sites on the United States Environmental

Protection Agency (EPA) National Priorities List (NPL) exceeds 1,000, and estimates

have been made that the number could grow to 2,000. The United States Congressional

Office of Technology Assessment (OTA) estimated that the list could reach 10,000,

requiring remediation activities well into the 21 st century" (Schmelling et al., 1992: 220).

These staggering numbers signify the increasing awareness to rectify the past's hazardous

waste management practices. In the Air Force alone, only 31% of the 4,859 hazardous

waste sites identified at the end of FY93 have been remediated (Raymond, 1994). Air

Force remedial project managers (RPMs) are becoming hard pressed to meet the Air

Force environmental restoration goal, established by the Chief of Staff of the Air Force in

1990, to restore 10% of hazardous waste sites annually with all sites completed by the

year 2000. To justify and properly manage remedial actions in the future, Air Force

RPMs need a metric to assist in the selection of remedial alternatives for the safe and

effective clean up of waste contamination sites.

Under the Comprehensive Environmental Response, Compensation, and Liability

Act process, also referred as Superfund, "public health risk assessments are conducted to

evaluate the risks associated with 'baseline' conditions at a site, in the absence of

remediation, and are used to evaluate whether remediation of the site is needed"

(Edmisten-Watkin, 1991: 293). Remedial alternatives are later evaluated against nine

criteria established under the Superfund statute:



1. overall protection of human health and the environment;
2. compliance with ARARs;
3. long-term effectiveness and permanence;
4. reduction of toxicity, mobility, or volume;
5. short-term effectiveness;
6. implement ability;
7. cost;
8. State acceptance; and
9. community acceptance (USAF, 1992a: 5-61).

Selection of the appropriate remedial action for a waste contamination site has typically

been driven by cost and/or technical feasibility (Edmisten-Watkin, 1991: 293).

If the baseline risk assessment indicates that it is necessary to remediate a waste

contamination site, it is important to the RPM that the selection process for remediation

alternatives considers the potential human health and ecological risks associated with the

proposed remediation process. In some instances, the risks may be significant when

compared to the baseline conditions.

The significance in considering potential human health and ecological risks in the

selection of remedial alternatives has been observed in an increasing number of cases in

which the remediation of waste contamination sites created public health concerns

distinctly different than the risks associated with the baseline conditions (Edmisten-

Watkin, 1991: 294). The Washington Post reported in their December 24, 1988 edition

the case of the Rocky Mountain Arsenal Superfund site where "excessive emissions

during excavation forced workers to evacuate the site and caused ne.,rby residents to

complain of astringent fumes" (Edmisten-Watkin, 1991: 294). At a number of other

Superfund sites, the EPA has rejected remediation actions involving excavation after

utilizing public health risk assessment procedures for the remedial process.

There are several advantages to considering public human health and ecological

risks prior to adopting a particular remedial alternative. These reasons include:

1. adverse health impacts may occur as a result of exposure to the chemicals
during the remediation process,
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2. human or environmental exposure to chemicals increases the liability of the
potentially responsible party,

3. overall costs may increase, and

4. regulatory concern may be heightened (Edmisten-Watkin, 1991: 294).

Public acceptance of a remedial proposal will minimize if a chemical exposure has the

potential to occur. Additionally, these concerns will capture the interest of the media and

possibly generate negative media coverage for the site owner.

Research Problem

In conjunction with the baseline site risk assessment performed under The Agency

for Toxic Substances and Disease Registry (ASTDR) public health assessment guidelines,

the only measures of relative risk performed during the Air Force's Installation

Restoration Program are the Department of Defense's Defense Priority Model and the

EPA's Hazard Ranking System - used for determining if a site is eligible for the National

Priorities List under the Comprehensive Environmental Response, Compensation, and

Liability Act. Both methods use baseline site data to determine the relative risk of the

existing waste contamination site for purposes of prioritization. There is currently no

standard to assist Air Force RPMs in the evaluation and selection of a remedial

alternative based on the risk associated with the remediation action (Clendenin, March

1994). To assist RPM's decision making in the selection of safe remedial alternatives, the

Air Force needs a management tool to assess relative risks associated with remedial

alternatives under consideration.

Reseah Objectives

The purpose of this study is to develop a metric to assist Air Force RPMs in the

selection of a remedial alternative based on the relative risk of the remediation activity.
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This study evaluates the application of exis,:ing risk assessment techniques to quantify the

relative risk of remediation alternatives and select the alternative with the lowest relative

risk. Furthermore, it is the purpose of this study to compare the remedial alternative with

the lowest relative risk to the reduction in baseline relative risk from remedial efforts. If

the relative risk of a remedial activity is greater than the reduction in relative risk of the

contaminated site, a different remedial alternative is desired.

Scope and Limitations of Study

The site characteristics that are chosen for purposes of testing the relative risk

model are Air Force groundwater sites contaminated with VOCs such as benzene, ethyl

benzene, toluene, and xylene - fuels and solvents being the most common contaminants

found on Air Force installations (Raymond, 1994). Additionally, groundwater sites are

selected because the most common area of concern at sites on the EPA Superfund list is

groundwater contamination (Schmelling et al., 1992: 220). Furthermore, the EPA has

estimated that VOCs make up 60% of all sites in the intermediate term market (3-5 years)

for cleanup (Foley, 1994). The technologies most commonly associated with the clean up

actions of the waste site characteristics (i.e., groundwater contamination, landfill, surface

impoundment, spill, waste piles) will be applied to the established methodology.

Existing methods for measuring relative risk will be used to demonstrate how they

can be used to assess relative risk of a remedial action. It is not the focus of this research

to evaluate or validate the methods used to assess risk at IRP sites.
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II. LITERATURE REVIEW

The Comprehensive Environmental Restoration, Compliance, and Liability Act

The Air Force established the Installation Restoration Program (IRP) to address

the problems of contaminated sites that pose a threat to public health, welfare, and the

environment. The Air Force is required to comply with the Comprehensive

Environmental Restoration, Compliance, and Liability Act of 1980 (CERCLA), also

known as the "Superfund" statute, and the Superfund Amendments and Reauthorization

Act of 1986 (SARA). CERCLA addresses the identification, characterization and, when

necessary, the cleanup of releases of hazardous substances, pollutants, and contaminants

into the environment from inactive hazardous substances sites (Rudolph, 1993: 1-2).

There exists a number of significant differences regarding the CERCLA process

as it applies to Federal agencies, such as the DoD, versus non-government entities. First,

the DoD, instead of the Environmental Protection Agency (EPA), is the "lead agency" at

DoD sites under Executive Order 12580, response action authority delegated by the

President. The Executive Order gives Federal agencies, such as the DoD, primary

responsibility for seeing that appropriate investigations and response actions are taken at

their respective sites. Second, the "lead agency" status gives the DoD sole authority to

select remedial actions at all non-National Priority Listed (NPL) sites located on DoD

installations. Remedy selection is jointly done by DoD and EPA at NPL sites. Third,

Federal facilities, unlike private sector facilities, have an affirmative duty under CERCLA

to search for potential CERCLA sites (Rudolph, 1993: 1-9).

Figure 1 illustrates the CERCLA multi-step remedial action process. Any and all

remediation actions are initiated by a Discovery and Notification (D&N). Releases are

characterized according to information obtained during record searches and release

reports pursuant to CERCLA reportable quantities.
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Figure 1. Th. CERCLA Remedial Action PRcess (USAF, 1992a: 3-17).

Initial evaluation of existing information begins with the Preliminary Assessment

(PA). Its purpose is to determine whether further study is required at the release site.

The PA describes the source and nature of release, evaluates threats to the public health

and welfare and environment, and, pending a no further action (NFA) decision,

recommends subsequent steps required in the remedial action process (USAF, 1992a: 1-

4).

The third step is the Site Inspection (SI). Remedial SI involves the sampling of

soil, groundwater, and surface water, as required by conditions of the release. The report

required at the end of the investigation describes known contaminants at the site,

migration pathways for the contaminants, and receptors at or near the end of the site. If,

at the conclusion of the SI, it is determined that all three conditions do not exist, the site

may be eliminated from further consideration. However,i i is determined that a site

may pose a threat to human health or the environment and a remedial action may have to

be taken, a Remedial Investigation/Feasibility Study should be undertaken. Information

gathered during the SI is provided to the EPA and is used to evaluate relative risk of the

release under the EPA's Hazardous Ranking System (HRS). Sites with a score of 28.5 or
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greater are placed on the National Priorities List (NPL), EPA's list of th1e countries most

contaminated sites. (Rudolph, 1993: 1-5).

The Remedial Investigation (RI) determines the nature and extent of the

contamination and the nature and extent of the threat to human health and environment.

In the RI, a comprehensive sampling and analysis plan is prepared and enacted to insure

enough data is generated to make decisions about site and waste characteristics, potential

hazards, and applicable treatment options (USAF, 1992a: 1-5). In conjunction with the

RI, remedial action alternatives are developed and screened in the Feasibility Study (FS)

to address the threats to human health and environment. The National Contingency Plan

(NCP) requires the establishment of remedial action objectives and remediation goals in

the development of remedial alternatives (Rudolph, 1993: 1-6). At the conclusion of the

RI/FS stage, a Record of Decision (ROD) is made in the selection of the remedial

alternative. Note, a no further action (NFA) decision is a viable remedial alternative.

The site information gathered during the PA/SI and RI/FS process is used to

score the site using the DoD developed system, called the Defense Priority Model (DPM).

The DPM uses relative risk to prioritize all remedial actions under consideration at DoD

IRP sites. Priority is given for Remedial Design/Remedial Action funding based on

relative risk of the site. The purpose of DPM is to address funding towards the "worst

first." It would be to a RPM's advantage, at this stage in the CERCLA process, to have a

management tool at their disposal to assist in the selection of a remedial alternative by

using a methodology, such as the DPM, to compare the relative risks associated with the

various remedial alternatives under consideration. The purpose of this study is to provide

such a tool.

The last stage of the remedial action process, before Close Out, is Remedial

Design/Remedial Action (RD/RA). The RD/RA stage is the execution stage of

CERCLA. The RD includes establishing information requirements, obtaining design

7



information from the base, and discussing the design concept with a contractor (USAF,

1992a: 1-6). The RA is the implementation of the cleanup technology.

"Site Closure" is the final point in the CERCLA process when the regulatory

authority no longer considers a site to be a threat to human health or the environment.

Risk Assessment

As can be seen, the CERCLA remedial action process, described above, relies

heavily on risk assessment for the prioritization of clean-up actions based on the relative

threat to human health and environment. Risk assessment provides the scientific data

necessary for making risk management decisions (Masters, 1991: 191). In its broadest

sense, risk assessment is defined as "the strict technical assessment of the nature and

magnitude of risk" (Shelley, 1993: 3). There are a variety of purposes, applications, and

methods for assessing risks to human health and the environment throughout the

CERCLA process. The various applications include both qualitative and quantitative

methods to describe risk. Two risk measurements utilized in the CERCLA process are

quantitative risk assessments and relative risk models (Edwards, 1992: 7).

Quantitative Risk Assessment. Quantitative risk assessments are used in the

estimation of excess risk or adverse impacts of contaminants to exposed populations and

the environment (Edwards, 1992: 7). Risk assessments involve four steps: hazard

identification, dose-response assessments, exposure assessments, and risk

characterization (Shelley, 1993: 23). Results of risk assessments focus on probability of

failure (release) and severity of an adverse response to an exposure of a contaminant

(Shelley, 1993: 43).

The Agency for Toxic Substances and Disease Registry (ASTDR) has established

public health assessment guidelines for assessing excess risk. However, a variety of

inferences can be made from the data at each site and the interpretation of the ASTDR

guidelines. Methods currently used for quantitative risk assessment are controversial

within the field of environmental management. Quantitative risk assessments require
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consolidating highly uncertain, conflicting, and complex , if not ambiguous, data

(Shelley, 1993: 6). The results are inferred from data that is "extrapolated well beyond

anything actually measured" to a value that represents the excess risk to a certain

population (Masters, 1991: 191). The controversial nature of the science of risk

assessment as well as public concern, economic benefit, and political influence has made

it difficult to use as a consistent method for quantitative risk assessment (Shelley, 1993:

7).

Relative Risk Assessment. Relative risk assessment is a derivative of

comparative risk analysis. Comparative risk analysis is a procedure for ranking

environmental problems by their seriousness (relative risk) for purposes of assigning

priorities. Typically, a problem is classified by it's type of risk - cancer, noncancer,

health, ecological effects, and so on. The relative risk of a problem is then used as a

factor in determining what priority the problem should receive. (Cleland-Hamnett et al.,

1993: 19)

The principal components of EPA's Superfund program, set forth in

CERCLAISARA legislation, required EPA to develop a system to assess the relative

degree of risk to human health and the environment at potentially uncontrolled release

sites (Rudolph, 1993: 4-2). The EPA developed the HRS to quantify the relative threat

associated with actual or potential releases of hazardous substances. The HRS is EPA's

primary screening tool for determination of placement of a site on the NPL. Additionally,

it establishes a prioritized list of sites for further investigation and response actions under

CERCLA (USEPA, 1992: 1).

As was previously mentioned, the HRS uses data generated during the PA/SI

phases of the CERCLA remedial action process. The HRS is designed to be a simple

numerical model that assigns a score from 0 to 100 based on:

9



1. The likelihood that a site has released or has the potential to release
contaminants into the environment (or, for the soil exposure pathway,
likelihood of exposure).

2. The characteristics of the waste (toxicity and waste quantity).

3. The people or sensitive environments affected by the release. (USEPA,
1990: 1)

Any site scoring 28.50 or greater is eligible for the NPL.

The Defense Priority Model, used by the Air Force, evolved from the Air Force

Hazard Assessment Risk Model (HARM), a relative risk model which was used in the

early 1980s to identify IRP sites based on initial investigations conducted at potential

sites. The DPM was developed to assist Air Force and DoD managers as a tool to aid in

making funding decisions (USAF, 1992b: 1). The DoD chose not to adopt the EPA's

HRS model, but develop their own, for three reasons:

1. the HRS evaluation is done on a base-wide basis instead of by site;
2. the HRS is time intensive; and
3. the HRS is not as good of a model as the DPM in determining relative risk

of sites since it is compared to a threshold of 28.5; any site below 28.5 is not
considered on the NPL and is dropped for prioritization (Edwards, June 1994).

Sites prepared for remedial action, under the Air Force Installation Restoration

Program, are prioritized by the DPM risk score for procurement of remedial action

funding. The DoD policy is to address the worst sites first.

The DPM is applied after extensive site specific data has been collected during the

PA/SI. The data is used to generate a score indicating the relative risk of the site to

human health and the environment (USAF, 1992b: 1). As it is with the EPA's HRS

methodology, the DPM calculates relative risk by considering:

1. The characteristics, concentration and mobility of contaminants found at the
site (hazards).

2. The potential for contaminant transport through the environment (pathways).

3. The presence of potential target populations (receptors). (USAF, 1992b: 1)

10



All three must be present to score the risk present at a site. If any one of the three

parameters is missing, risk at the site will not be present.

The DPM is considered a tool in Air Force environmental management.

Management decisions are made using the DPM score in conjunction with additional

information such as mission impact, community concerns, regulatory considerations, and

program efficiencies.

Short-term vs. Long-term Risk. Evaluation of human health risks associated with

proposed remedial actions has generally been qualitative in nature, even though the EPA

guidance document for conducting RI/FS indicates that remedial alternatives need to be

evaluated against both short-term and long-term risks (Edmisten-Watkin et al., 1991:

293). The EPA's Risk Assessment Guidance for Superfund: Volume I - Human Health

Evaluation Manual (Part C. Risk Evaluation of Remedial Alternatives) (RAGS) provides

necessary guidance in the conducting of quantitative risk evaluations for remedial

alternatives. The following synopsis of short-term and long-term risk is found in the

RAGS.

Long-term human health risks associated with a remedial alternative are those

risks that exist from residuals created from the remediation action and those risks that

remain from the incomplete removal of contaminants from the site, or, in more

appropriate terms, the technology's capability of meeting preliminary remediation goals

(PRGs) (1991: 14). Long-term human health risks are considered those risks that remain

after the remediation action is completed.

For the majority of risk evaluations, it is sufficient for the analysis to simply

indicate whether an alternative has the potential to achieve the PRGs or not. However, if

more detail is required for assessment of long-term risk associated with a remedial

alternative, it may be useful to compare remedial alternative's capabilities of achieving

PRGs, whether one may be able to surpass PRGs, or whether one may be able to

accomplish the goal in a shorter time frame (1991: 14).
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In addition, consideration for long-term human health risks must also be given for

remedial technologies that may degenerate existing contaminants into new contaminants

of concern that were not present at the site before remedial actions were implemented

(1991: 9). A RPM will be required to evaluate the risk associated with the new

substances.

Short-term health risks are generally associated with the existing baseline risk of

the contaminant site, established in CERCLA PA/SI phase, plus any new risks that would

occur while implementing the remedial action. Short-term risk exists during the lifetime

of the remedial action and involves the evaluation of potential short-term risk to: (1)

neighboring populations, and (2) onsite workers associated with the remediation (1991:

15). Figure 2 illustrates the short-term and long-term risk factors associated with a

remedial action.

ghort-tarm Risk Fa~nr-q ong-tarm Rink F etars

"* Population at Risk* Residual Risks

- Neighboring populations - Treatment residuals (S,LV)
- Onsite workers associated with remedlatlon - Technology efficiency

(concentration of contaminants
"* Contaminants Treated remaining after remediation)

- Toxic properties

"* Release Sources
- Fugitive gas/volatlils/partlculates
- Fugitive dust
- Leachate/seepage/runoff/discharge

" Media Exposure ! t

Action

Short-term human health risks associated with a remedial Long-term human health risks
alternative are those risks that occur during imolamantatlon associated with a remedial alternative
of the remedial alternative, are those risks that will remain after

the remedy Is complete.

Figure 2. Factors Driving Relative Risk of a Remedial Action
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Potential Significant Releases

The important difference between the baseline site risk assessment and the risk

evaluation of the remedial alternative involves the exposure sources (1991: 16). The

untreated site contamination is the source of exposure for the baseline risk assessment;

whereas, for remedial alternatives, the potential sources of exposure are those releases

that occur from implementation of remedial technologies. Figure 3 illustrates an example

of an exposure for the pump and treat remediation of groundwater contaminated with

volatile organic compounds (VOCs) such as benzene, ethyl benzene, toluene, and xylene

(BETX) - compounds found in petroleum products. With the understanding that an

alternative water source is provided to the population affected by the contamination,

Figure 3 depicts how fugitive VOCs, released into the air medium, are carried by

prevailing winds to the nearby population. As a consequence, failure to completely

capture VOCs through air stripping leads to a short-term human health risk not previously

present.

T 

lum (Air)
-- •Prevailing Wýind Direction

Volatile
Organic

Exposure I\ Pump & reatPoint• System

conatiat

Figure 3. Illuatration of an Exposure Pathway for Remedial Action.
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Appendix A provides a listing established by the EPA of all potential significant

releases associated with each remediation technology on pages 52 to 56. The primary

potential significant releases associated with the air medium are fugitive emissions of

particulates and/or VOCs and stack emissions containing VOCs, metals, particulates, and

products of incomplete combustion. Primary potential significant releases associated

with the groundwater medium, in general, are seepage and leaching, but they can also

contaminate surface water. Runoff and discharge are potential significant releases

associated with surface water, however, they may also contaminate groundwater. Other

potential significant releases that may be associated with a remedial action are seepage or

runoff to nearby soil, disposal of ash and other solid residues, disposal of sludge residues,

disposal or regeneration of spent activated carbon, possible solvent residuals in treated

soils, and disposal of backwash or cleaning residues. (1991: 37-41)
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III. METHODOLOGY

This study investigates the use of an established risk model to determine the

applicability of establishing the relative risks associated with remedial actions for

purposes of selecting the remedial alternative with the lowest relative risk. The purpose

of remedial actions at IRP sites typically involves reducing the volume of the

contaminants and/or limiting the potential for the contaminants to be transported.

However, the remedial action itself may also create, or increase, the potential for

contaminants to be transported to a medium through release mechanisms not present

under baseline conditions.

As remedial operations are put into action and progress is made towards cleaning

up a site, the various factors used to measure risk change. A current risk model used in

the IIL- process to measure risk was selected to asses the relative risk of contaminated

sites under remedial conditions. The model selected should reflect changes in the

environmental risk of a site as inputs for contaminant levels, transport pathways, and

physical site characteristics are influenced by the remedial action.

To evaluate the model's application as a tool to assess the relative risk of a

remedial action, two investigative objectives were carried out:

1. Identify the input variables to the model that can be changed or affected by

the remedial action.

2. Rescore sample Air Force sites by changing the variable input parameters to

reflect environmental conditions under a remedial action.

The purpose of rescoring the Air Force sites was to investigate the model's

sensitivity to the input parameters that can be altered by the remedial action.

Furthermore, it was desired to investigate the sensitivity of the model's scores to the

varying site characteristics found at each base, and each individual site thereon. The

intent of this effort was to determine if the risk of a remedial action can be measured with
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the model. The scores of the selected Air Force sites were compared against each other to

evaluate patterns associated with the three components of the risk model - pathway

parameters, contaminant hazard parameters, and receptor parameters. It was not the focus

of this research to validate the methods used by the model selected to calculate risk at

contaminated sites.

Once the risk model was selected, sample Air Force IRP sites were chosen to

measure the risk of an established (constant spill characteristics) contaminated site under

remedial conditions. The sample IRP sites were chosen from sites where environmental

conditions had previously been assessed using the selected risk assessment model.

Furthermore, it was desired to choose sites that would fairly represent the different

geographical conditions existing throughout Air Force installations. Each site was

rescored by changing the variable input parameter(s) under consideration to reflect the

environmental site conditions during remediation.

The following chapters go into more detail of the methodology performed for this

research. Chapter IV describes the scoring methodology of the model selected. The

methodology performed to identify the input parameters influenced by remedial actions is

described in Chapter V, and results and analysis of the model's application to remedial

actions is discussed in Chapter VI.
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IV. QUANTIFICATION OF RELATIVE RISK OF REMEDIAL ACTION

Introduction

The DPM is used by the Air Force and DoD to prioritize IRP sites for remedial

action based on the relative risk to human health and the environment. The application of

DPM to measure relative risk of a remedial action will be investigated. The DPM was

selected for this research because the Air Force currently uses the model to assess the

relative risk of all IRP sites ready for the RD/RA phase and not just those for NPL

considerations. Additionally, the DoD believes that DPM provides a rational

methodology for indicating a site's relative risk to human health and the environment and

has established this risk-based approach as an operating principle in Federal Facility

Agreements far site cleanups with the EPA, and in Defense and State Memoranda of

Agreement's (USAF, 1992b: 1). The following detailed description of DPM is referenced

from pages 21 to 30 of Edwards' 1992 thesis and describes how the model is used to

measure the relative risk of a remedial action.

Defense Priority Model (DPM)

As was previously mentioned in the literature review, the DPM was developed to

assist Air Force and DoD managers in establishing priorities for funding remedial actions

at IRP sites. The DPM provides a method to generate a score from data collected during

the PA/SI and RI of an IRP site and rank the potential threat to human health and the

environment. The DPM score provides a common measuring stick within the Air Force

which represents the relative environmental risk of a site (Clendenin, 18 May 94). The

following is a brief discussion on the history of the development of the DPM and an

explanation of the methodology used to calculate relative risk scores for IRP sites.

H . Work began on the modem day DPM methodology in 1984 when the Air

Force recognized the need for a defensible methodology for ranking hazardous waste
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containing sites in need of cleanup. The basic philosophy and methodology was initially

developed for the Air Force Hazard Assessment Risk Model (HARM). The HARM was

used during the site identification stages of the IRP to evaluate potential sites for further

consideration in the cleanup process. An arbitrary HARM score was chosen to delineate

which potential sites would be identified as IRP sites and continue with the cleanup

program (1992: 22). The original HARM model was then evaluated and tested

extensively by a number of reviewers and the results led to significant modifications and

the development of HARM II (USAF, 1992b: 9).

HARM and HARM II were developed for the Air Force under an interagency

agreement with Department of Energy at the Oak Ridge National Laboratory (USAF,

1992b: 9). The algorithms and inputs for the model were initially encoded using expert

systems technology, but limitations to the expert systems required adaptation of the

model to a computerized Artificial Intelligence (AI) application software (USAF, 1992b:

10).

In 1987, the EPA reviewed HARM II along with several other site rating models

to determine a starting point for revisions in their HRS. Their decision was to continue to

develop HRS; however, they were able to identify shortcomings in the HARM II that led

to further revisions in the model. In November of 1987, the Secretary of Defense

proposed use of the model for ranking DoD sites for remedial action under the Defense

Environmental Restoration Program (DERP). HARM II was renamed DPM and DoD

continued with the development of the model. (USAF, 1992b: 9-10)

DoD formally announced their intentions on using the model to establish a risk

based priority for allocation funds in the Federal Register and solicited comments on the

HARM II methodology. Comments were received from the Association of State and

Territorial Solid Waste Management Officials, three states, and the EPA. A formal

response was provided by DoD and the comments were incorporated into DPM (USAF,

1992b: 3). The first version (Version 2.0) of the DPM was released for use by DoD in
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1989. Inputs have been actively sought on an annual basis from the Military Services as

well as from individual users. Version 3.0 and Version FY92 have subsequently been

released to incorporate additional comments received from EPA and the states during

their review of the earlier versions (1992: 23). Additionally, the FY94 (Quick DPM) is

just being released to AF installations at the time of writing.

DPM Methodology and Structure. The DPM provides a numerical score

representative of relative risk. The relative risk score is a function of three factors: the

characteristics, concentration and mobility of contaminants found at the site (hazards),

the potential for contaminant transport through the environment (pathways), and the

presence of potential target populations (receptors). All three must be present to score a

site (USAF, 1992b: 1). The DPM is made up of three segments to address each factor

addressed above. Scores are first generated within each segment. Subscores are then

calculated for each of eight combinations of potential transport pathways and potential

receptors (ODASD(E), 1992" 1). The final score is calculated by weighing and combining

the subscores using a weighted root-mean-square algorithm (ODASD(E), 1992: 133).

The methodologies for scoring each segment of the DPM are briefly discussed

below. The segments are described in the order in which data is input into DPM. First,

the pathway segment is scored. Second, contaminant hazard scores are calculated for

each pathway; and finally, the potential receptors segment is scored. Figure 4 illustrates

the methodology used to calculate the DPM score for a site. The final section provides a

description of the algorithm used for the computation of the final score. The complete

algorithm for calculation of a DPM score is provided in Appendix B on pages 57 to 68.

Scoring Pathways. The pathways portion of the DPM methodology rates

the potential for contaminants from a waste site to enter each pathway. Four contaminant

transport pathways are considered by the model. The pathways are surface water

pathway, groundwater pathway, air/soil volatiles pathway, and air/soil dust pathway. A
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Figure 4. DPM Model Segments and Scoring Order ( USAF, 1992b: 2).

separate score is calculated for each pathway; the higher of the two air/soil pathway

scores is used in the final computation (USAF, 1992b: 2).

Three components of information regarding conditions existing at the waste site

are used to calculate each pathway score. The first type of information relates to the

potential for contaminants to enter the pathway given the physical characteristics of the

pathway (USAF, 1992b: 2). Various input parameters for each of the four pathways

indicate the relative potential for the contaminant to enter the respective pathways

(ODASD(E), 1992: GI-G4). The second component is the "waste containment

effectiveness factor." This factor "adjusts the pathways score to account for the

effectiveness of engineered barriers or clean-up actions in reducing the potential for
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contaminant transport along a particular pathway" (ODASD(E), 1992: 26). Values range

from 0.1 to 1.0 with a 0.1 signifying optimum containment and a 1.0 signifying little or

no effective containment (ODASD(E), 1992: 26). The third component is the amount of

contaminant(s) present or the "waste quantity factor" associated with the site

(ODASD(E), 1992: 26).

The DPM uses two different methodologies for scoring each pathway depending

on whether there has been a detected release (measured) or a non-detected release

(potential) of a contaminant(s) into the respective pathway. If a detected release is

observed in a transport medium, the potential for the contaminant(s) to enter the

respective pathway is scored a 100 (maximum normalized score). The input parameters

for the physical characteristics of the pathway are then skipped for the case of a detected

release because the potential is established as 100%. The scores for the waste

containment effectiveness and waste quantity factors are summed and normalized to

provide the overall score for the pathway (ODASD(E), 1992: G1-G4).

Non-detected releases are established based on the absence of chemical data. The

input parameters to the physical characteristics of the pathway are used to score the

potential for a contaminant to enter the pathway. The resulting characteristic score is

normalized and then multiplied by the normalized sum of the waste containment

effectiveness and waste quantity factors to provide the overall score for the pathway

(ODASD(E), 1992: G1-G4). A copy of the algorithm for scoring the pathways segment

of the DPM by hand is located in Appendix B.

Scoring Contaminant Hazard. The contaminant hazard scoring segment of

the DPM rates the human health hazards and the ecological hazards of the identified

contaminant(s) at the site. Eight separate hazard/pathway scores are calculated:

1. human health hazards of surface water contaminants,
2. ecological hazards of surface water contaminants,
3. human health hazards of groundwater contaminants,
4. ecological hazards of groundwater contaminants,
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5. human health hazards of air/soil volatile contaminants,
6. ecological hazards of air/soil volatile contaminants,
7. human health hazards of air/soil dust contaminants, and
8. ecological hazards of air/soil dust contaminants. (ODASD(E), 1992: 71)

The DPM calculates hazard/pathway scores differently depending on whether a

contaminant has been detected (measured) for the respective pathway. For media in

which contamination has been detected, the concept of Average Daily Intake (ADI) is

used for scoring human health hazards. The detected concentration of a contaminant is

first converted to a daily intake and then divided by the benchmark ADI for the

contaminant. A quotient is calculated for each contaminant and then summed to provide

a score for the surface water and air/soil pathways. A hazard quotient greater than one is

considered to represent a threat. The same procedure applies to the groundwater pathway,

but the quotients, in this case, are divided by derived retardation factors calculated for the

respective contaminants and then summed to provide the human health hazard score

(ODASD(E), 1992: 71).

An analogous procedure is used for the calculation of detected ecological health

hazards. The observed concentrations are divided by appropriate benchmark

concentrations for ecological receptors in the respective pathways and the quotients are

summed (ODASD(E), 1992: 71).

All contaminants known to be present at a site are considered in calculating the

total human health and ecological hazard scores for both surface water and groundwater

pathways. According to the DPM user's manual, a contaminant is known to be present at

a site if:
1. it is a ,9rincipal component of the materials that were placed or spilled on the

site,

2. it has been detected in a chemical analysis of site soils at a level that represents
an increase above background, or

3. it is visible at the site, but no determination of concentration has been made.
(ODASD(E), 1992: 82, 92)
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For media in which contamination has not been detected, human health hazard

scores are calculated based on the maximum ADI. Ecological hazard scores are

calculated based on the benchmarks for toxicity for the appropriate ecological receptors

(ODASD(E), 1992: 71). The contaminant hazard scores are set to zero for no detectable

concentrations of contaminants for the air/soil volatile and air/soil dust pathways

(ODASD(E), 1992: G-7, G-8).

Scoring Receptors. The receptors portion of DPM rates the potential for

human and ecological resources to be exposed to contaminants released from a waste site.

The model calculates scores for six types of receptors:

1. human health receptors of surface water contaminants,
2. ecological receptors of surface water contaminants,
3. human health receptors of groundwater contaminants,
4. ecological receptors of groundwater contaminants,
5. human health receptors of air/soil contaminants, and
6. ecological receptors of air/soil contaminants (ODASD(E), 1992: 109).

The human health and ecological receptors for the air/soil pathway are scored only once

for both the air/soil dust and air/soil volatile pathways (ODASD(E), 1992: 109). Factors

such as the size and proximity of nearby populations and use of surface and groundwater

are considered in human health scoring. The proximity of critical habitats and/or

sensitive populations is used for ecological receptor scoring (USAF, 1992b: 2).

Combining Segment Scores. The pathway, hazard, and receptor scores for

each pathway-hazard-receptor combination are multiplied to generate eight subscores.

The products of each segment score are normalized to a 100-point scale and equally

weighted (ODASD(E), 1992: 133). Figure 5 provides the algorithm for calculation of the

eight subscores. The most conservative subscore between the human health subscore and

ecological subscore for both the air/soil volatile and air/soil dust scores is used for the

final human health and ecological air/soil pathway scores (ODASD(E), 1992: G-12).

23



Surface Water = Surface Water X Surface Water X Surface Water
Human Health Score Pathway Score Human Health Human Receptor /10,000

Haza Score Score

Surface Water = Surface Water X Surface Water X Surface Water
Ecological Score Pathway Score Ecological Hazard Ecological Receptor /10,000

Score Score

Ground Water = Ground Water X Ground Water X Ground Water
Human Health Score Pathway Score Human Health Human Receptor /10,000

Hazard Score Score

Ground Water = Ground Water X Ground Water X Ground Water
Ecological Score Pathway Score Ecological Hazard Ecological Receptor /10,000

Score Score

Air/Soil Volatilesi = Air/Soil Volatiles X Air/Soil Volatiles X Air/Soil Volatiles
Human Health Score Pathway Score Human Health Human Receptor /10,000

Hazard Score Score

Air/Soil Volatilsea = Air/Soil Volatilies X Air/Soil Volatilee X Air/Soil Volatiles
Ecological Score Pathway Score Ecological Hazard Ecological Receptor /10,000

Score Score

Air/Soil Dusth = Air/Soil Duet X Air/Soil Dust X Air/Soil Dust
Human Health Score Pathway Score Human Health Human Receptor /10,000

Hazard Score Score

Air/Soil Dustb = Air/Soil Dust X Air/Soil Duet X Air/Soil Dust
Ecological Score Pathway Score Ecological Hazard Ecological Receptor /10,000

Score Score

1 The higher of these two scores Is used in the final computation.
2The higher of these two scores Is used in the final computation.

Figure 5. Algorithm to Calculate DPM Scores (Edwards, 1992: 28).

Calculating the Final Score. The six pathway-receptor subscores are combined

for the final score. The surface water-human health, groundwater-human health, and

air/soil-human health subscores are weighted five times more than their respective

ecological receptor subscores. These weighing factors "reflect the general indication of

concern in national environmental regulatory policy regarding the relative importance of

human health versus ecological risks." (Edwards, 1992: 29)

The weighted root-mean-square algorithm is used to obtain the final relative risk

score for the site:
2 2 2 2 2 2 1/2

Sf = [5(Ss,h) + (Ss,e) + 5(Sg,h) + (Sg,e) + 5(Sa,h) + (Sa,e) ]
4.24

where Sf = overall site score and Ss,h, S,,e, Sg,h, Sg,e, Sa,h, and Sa,e = scores
for the surface water-human health, surfa-e water-ecological, groundwater-human
health, groundwater-ecological, air/soil-h, man health, and air/soil ecological
pathway-receptor combinations (ODASD(R), 1992: 133).
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The root-mean-square methodology is an exponential algorithm. When a score for a

single pathway-receptor is high, the algorithm will subsequently result in a high score. If

additional subscores are high, the final score will increase, but not linearly. This

methodology increases the importance of a single high pathway-receptor subscore on the

final risk score (Edwards, 1992: 29).
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V. MEASUREMENT OF RELATIVE RISK OF REMEDIAL ACTION

As remedial operations are put into action and progress is made towards cleaning

up a site, input parameters to the DPM related to the volume, containment, and potential

transport of the contaminants will change. The DPM score should reflect a change in

relative risk as inputs for contaminant levels, containment effectiveness, and transport

pathways are effected.

Six Air Force IRP sites were selected as sample sites for this study. Each site was

selected to represent different geographical conditions present at installations throughout

the United States. Site 1 was chosen from an installation in the Midwest, Site 2 was

chosen from an installation located in Alaska, Site 3 was chosen from an installation

located at a high elevation, Site 4 was chosen from an installation located in the Southeast

near a large body of water, Site 5 was chosen from an installation located in the

Southwest, and Site 6 was chosen from an installation located in the Northwest. These

installations were selected because the site inputs used to generate the scores were

reviewed by Engineering-Science, Inc., contracted by HQ USAF/CEVR for the scoring of

Air Force IRP sites using DPM. Engineering-Science, Inc., with permission of HQ

USAF/CEVR, provided the installation data for the sample sites used in this research.

The sample sites were scored using the latest version of the automated DPM (ADPM94),

provided by 645 ABW/EMR, Wright-Patterson AFB.

To evaluate the DPM's application as a tool to assess the relative risk of a

remedial action, two investigative objectives were carried out:

1. Identify the input variables to the DPM that can be changed or affected by the

remedial action; and

2. Rescore the six selected Air Force sites by changing the variable input

parameter(s) to reflect environmental conditions during a remedial action.
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Identify Inputs That Can Be Changed. The DPM has approximately 100 input

parameters to calculate a risk score for an IRP site. The first step was to examine the

input parameters as they are separated into the three components of the risk model -

pathway parameters, contaminant hazard parameters, and receptor parameters.

Pathway Parameters. The pathway parameters can be separated into two

categories. The first category is parameters that cannot be affected by remedial actions.

Examples of these parameters include input values related to the climate, demographics,

and geology of the site. It is expected that the uniqueness of the physical characteristics

for each site will cause the DPM score to vary from one site to another for sites with

similar contaminant conditions. The second category of pathway parameters is those

parameters that can be affected by remedial actions. These parameters include the surface

erosion potential and flooding potential for the surface water pathway, and the site

activity for the air/soil dust pathway.

For scoring the flooding potential at a site, the DPM user's manual states that the

"[fllooding potential is a measure of the potential for contaminants to be transported by

flood waters. Flooding potential is determined by the frequency of inundation due to:

stream flooding, coastal flooding, high lake levels, or other causes" (ODASD(E), 1992:

25). It is assumed that the flooding potential refers to the site's location in a flood plain.

Since regional flood plains would likely not be changed by remedial activities this would

not allow changing the input for the flooding potential. However, remedial measures

could be taken to eliminate the potential for contaminants to be transported as a result of

flooding. Therefore, for this research the input for flooding potential for the rescored

sample sites was set to the lowest potential for contaminant transport as a result of

flooding.

In addition to the site physical characteristics, two other components are important

in the calculation of the pathways segment score of the DPM - the waste containment

effectiveness factor for each pathway and the waste quantity factor. The waste
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containment effectiveness factor "adjusts the pathways score to account for the

effectiveness of engineered barriers or clean-up actions in reducing the potential for

contaminant transport along a particular pathway" (ODASD(E), 1992: 26). Values range

from 0.1 to 1.0 with a 0.1 signifying optimum containment and a 1.0 signifying little or

no effective containment (ODASD(E), 1992: 26). It is expected that containment will be

the critical factor in the calculation of relative risk for a remedial action. If the remedial

activities lesson the effectiveness of containment at a site, it is highly possible that the

risk of the remedial activity will be greater than the risk of the baseline contamination

site. Appendix C provides a complete listing on pages 69 to 83 of the waste containment

effectiveness factors of the four pathways for each waste type.

The third component is the amount of contaminant(s) present or the waste

quantity factor associated with the site. The amount of waste present can greatly affect

the risk posed by a site. The quantity of the waste is estimated using the measures

provided in the waste quantity factors tables, located in Appendix C, for all site types

other than landfills. The waste quantity values for sites affected by a spill are:

Guantity of Waste Score
< 2,000 gal 0.1
2,000 to 10,000 gal 0.3
> 10,000 to 50,000 gal n 7
> 50,000 gal 1 ') (ODASD(E), 1992: 33).

The waste quantity does not have to be precisely measured; the goal of the DPM is to

differentiate between a small, moderate, or large amount (ODASD(E), 1992: 26).

Hazard Parameters. The contaminant hazard scoring segment of the DPM

rates the human health hazards and the ecological hazards of the identified contaminant(s)

at the site for each of the four pathways. Scoring human health hazards is done using the

concept of Average Daily Intake. Ecological hazard scores are calculated based on the

benchmarks for toxicity for the appropriate ecological receptors. As was mentioned

above in the pathway parameters, not only does the amount of waste present affect the
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risk posed by a site, but also the concentration and toxicity of the waste. This research

will examine the effect the presence of carcinogen and non-carcinogen contaminants have

on the DPM score and will further examine the effect of varying their concentrations.

Receptor Parameters. Receptor parameters are similar to the pathway

parameters in that they can be separated into two categories. The first category is

parameters that cannot be affected by remedial actions, but will make an impact on the

site score due to the uniqueness of each site. These parameters include such factors as

importance/sensitivity of biota/habitats, groundwater travel time to supply wells and

surface water, and populations within 4 miles of the site. The second category is the

receptor parameters that can be affected by remedial actions. Such parameters include

population drinking from surface water and population potentially at risk from

groundwater contamination.

Rescore IRP Sites. The purpose of rescoring the Air Force sites is to investigate

the DPM's sensitivity to the input parameters that can be altered by the remedial action

and to investigate the sensitivity of the DPM's scores to the varying site characteristics

found at each base, and each individual site thereon. Each site was rescored by changing

the variable input parameters to reflect environmental conditions under remedial action.

Each variable was changed to the most accurate environmental condition considered by

the DPM for the parameter under remedial conditions.

A contamination site scenario was selected for purposes of sensitivity analysis of

the DPM to the variables changed by the remedial action at the six different geographical

locations. Groundwater contaminated with 8,300 gallons of JP-4 was selected as the

baseline contamination site characteristics to be held constant for all six sample sites.

Since the objective of this research is to investigate the relative risk of remediation of

groundwater contaminated with petroleum products, the original site DPM score was

modified to account for only BTEX contaminants located in the groundwater and soil.

To take into consideration the potential fugitive emissions of VOCs associated with
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groundwater remediation technology, the air/soil volatiles pathway with a detected release

of BTEX in the soil was computed with a maximum waste containment effectiveness

factor (0.2). This was required to maintain an air volatiles consideration in the final

relative risk score. Failure to score a reportable release in the air/soil volatiles or air/soil

dust pathways will zero the relative risk from that pathway in the DPM methodology.

The remedial technology to be considered in this research is a pump and treat

system consisting of an air stripper and liquid carbon adsorption with off-gas carbon

adsorption. The EPA's RAGS identifies fugitive emissions of volatile organic

compounds, discharge to surface water of effluent treated water, and disposal of

backwash and spent carbon as potential significant releases associated with the remedial

technologies (USEPA, 1991: 40). Each of the six sample IRP sites were rescored by the

DPM using the research established contamination characteristics and the waste

containment effectiveness factors (WCEF) that represented the remedial conditions as

accurate as possible. As previously stated, the WCEF is a value from 0.1 to 1.0 with a

0.1 signifying optimum containment and a 1.0 signifying little or no containment. The

WCEFs selected for the pump and treat conditions were:

Surface Water (Spill) - Contaminated material has apparently been removed
completely; area is recontoured (0.1).

Groundwater (Spill) - Contaminated area is covered with impervious material that
is expected to prevent further infiltration and leaching (0.5).

Air/Soil Volatiles (Spill) - Contaminated area is completely covered by a
permanent structure such as a paved surface or building (0.2) (ODASD(E), 1992:
29,43,58).

A WCEF value of 0.1 was selected for the surface water pathway due to the minuscule

chance of discharge to occur. Additionally, a WCEF value of 0.2 was chosen to represent

the insignificant occurrence of fugitive emissions from an off-gas collection system. The

WCEF value of 0.5 was selected for the groundwater pathway because it represented the
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containment of the groundwater plume from further movement. Further definitions of the

WCEFs for the pathways can be found in Appendix C.

In order to demonstrate that the DPM can be used to measure risk of a remedial

action, the risk scores should be dependent on the contamination characteristics - waste

quantity, waste concentration, and waste containment. It would be expected that for

higher original DPM risk scores there will be greater potential to decrease the risk

through remedial action. A statistical analysis of the relationships between the

contamination site characteristics and the data generated by rescoring the six sample sites

is discussed in Chapter VI.

This effort is to determine if the relative risk of a remedial action can be measured

using the DPM. It is not the focus of this research to evaluate the methods used by the

DPM to calculate relative risk at contaminated sites or to validate the results of the

model.
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VI. ANALYSIS AND EVALUATION OF RESULTS

In order to demonstrate that the DPM can be used to measure relative risk of a

remedial action, the risk scores should reflect the waste contamination conditions of the

site - quantity, concentration, and containment. Each site was rescored by varying the

input parameters to determine relationship between contamination conditions and

individual sites. It would be expected that for higher site DPM risk scores there will be

greater potential to decrease the risk through remedial action.

General Observations. Table 1 provides the breakout of the six pathway-receptor

subscores for the sample sites. The pathway-hazard segments of the DPM score are

significantly different depending on whether there has been a detected release (measured)

or a non-detected release (potential) of a contaminant(s) into the respective pathway. For

purposes of this research, detected releases of BTEX were observed in the groundwater

and air/soil pathways, while the potential for BTEX contamination was calculated for the

surface water pathway.

By observing the pathway-receptor scores of the sample sites calculated in Table

1, it is observed that the greatest variation in scores is the groundwater human health and

ecological subscores. Considering that the pathways score and contaminant hazard score

are constant for all six sites (due to the detected release of BTEX in groundwater), the

considerable spread in the receptors score between the sites parallels the overall

groundwater human health and ecological subscores for each site. The same statement

can be interpreted for both surface water and air/soil human health and ecological

subscores when considering the minimal variations observed in the pathways scores

between the sites.

Finally, it was observed that the ecological pathway-receptor subscores had little

influence on the final scores for each site. This was no surprise considering that the

surface water-human health, groundwater-human health, and air/soil-human health
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Table 1
DPM Site Scores for Remedial Action Conditions.

I Pathways Contaminant R eceptors Overdll
Score X H cz Scor X S core /10,000= S core

S urface WaterAH uman H edilh
Site 1 4.6 56 55.6 1.432256
Site 2 8.2 56 37 1.69904
S ite 3 4.6 56 40.7 1.048432
Site 4 8.7 56 48.1 2.343432
S ite 5 1.5 56 22.2 0.18648
ISite 6 3.8 56 70.4 1.498112

S urface WaterjE cological
Site 1 4.6 50 100 2.3
Site 2 8.2 50 100 4.1
Site 3 4.6 50 55.6 1.2788
S lie 4 8.7 50 100 4.35
Site 5 1.5 50 100 0.75
S ite 6 3.8 50 27.8 0.5282

Groundwater/H uman Hellhe_
Site 1 40 67 84.4 22.6192
S iie 2 40 67 83.8 22.4584
Site 3 40 67 58.3 15.6244
Sile 4 40 67 51 13.668
Site 5 40 67 41.7 11.1756
Site 6 40 67 12.5 3.35

GroundwaterjE cologicd
Site 1 40 33 100 13.2
S ite 2 40 33 100 13.2
Site3 40 33 71.4 9.4248
Siie 4 40 33 57.1 7.5372
Site 5 40 33 71.4 9.4248
Site6 40 33 28.6 3.7752

Air/S oil Volaciles /i uman H edlh I
Site 1 19.2 100 87.2 16.7424
Site 2 19.2 100 61.5 11.808
Site 3 22.5 100 56.4 12.69
Site 4 20 100 71.8 14.36
Site 5 20 100 82.1 16.42
S ite 6 20.8 100 61.5 12.792

Air/S oil Volatlles)E colo glcl

Site 1 19.2 0 100 0
S ite 2 19.2 0 33.3 0
S ite 3 22.5 0 22.2 0
S ite 4 20 0 33.3 0
S ite 5 20 0 33.3 0
S ite 6 20.8 0 0 0

is liiSitel Slte2 Slte3 Slie4 Slte5 Site6
Find Score: 15.2 13.7 10.9 10.7 10.7 7.1
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subscores are weighted five times more than their respective ecological receptor

subscores which reflect the national environmental regulatory policy regarding the

relative importance of human health versus ecological risks. As a demonstration, the

final remedial risk score for Site 1 was only reduced from 15.19 to 14.86 when the

ecological receptor subscores were not taken into consideration.

Analysis of Contamination Characteristics. To determine if there is any

relationship between a site remedial action DPM score and the waste quantity, waste

concentration, and waste containment parameters of that site, a regression analysis was

performed. It was generally observed that as the relative risk of a site under remedial

conditions increased, the potential to decrease the risk of a site also increased. This was

determined by statistical evaluation of the relationship between the site remedial action

DPM scores and the three parameters of the contamination site.

Waste Ouantity. There is a non deterministic linear relationship that can

be described by the equation Y = A(X) + B. The independent variable (X) is the waste

quantity (WQ) value for a spill and the dependent variable is the DPM score for the site.

A plot and regression analysis of the data for all six sample sites is shown in Figure 6.

Site 1 had the largest difference in scores, from 10.7 to 31.4, and Site 6 had the smallest

difference in scores, from 4.3 to 16.8. The plot of t0 C waste quantity versus the site

scores shows that sites with a larger relative risk than other sites under similar waste

contamination characteristics will generally increase at a greater rate with the increase in

waste quantity factor. However, the case is not true for Site 3, Site 4, and Site 5. At a

WQ of 0.1, the order of risk is Site 3 with a score of 7.6, Site 4 with a score of 7.2, and

Site 5 with a score of 7.0. However, at the WQ of 1.0, the order of risk is reversed with

Site 5 having the highest score (23.9) and Site 3 having the lowest score (22.7).
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Waste Quantity Variations Under Remedial Conditions

35

30
Site 1

.25 - Site2

o 20 Slite3

815 - Site4

10 Site6

5 ~'SSIte 65 •

0
0.1 0.3 0.7 1

Waste Quanfity

Site 1: Y=23.01(X)+8.35, a= 8.01
Site 2: Y = 19.60(X) + 7.89, T = 6.84

Site 3: Y = 16.78(X) + 5.89, ; = 5.86
Site 4: Y = 17.91(X) + 5.37, o = 6.25
Site 5: Y = 18.78(X) + 5.09, a = 6.56
Site 6: Y= 13.87(X)+2.92, a=4.84

Correlation Coefficient (all sites) = I

Figure 6. DPM Rescore Data for Al Sites Versus Waste Quantity.

Reasoning behind this is indicated by the slope and standard deviation associated with the

equations of the three sites. Site 5 has the largest slope and standard deviation with Site 4

and Site 3 following in order:

M Standard Deviation
Site 5 18.78 6.56
Site 4 17.91 6.25

Site 3 16.78 5.86.

The slope of the equation indicates the rate at which the DPM score will increase with the

increase in the WQ. The standard deviation indicates the distribution of the data around

the equation of the line. A larger standard deviation indicates a greater variance

occurring among the environmental site parameters.
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A further regression analysis was performed to determine the reasoning behind

Site 5's tendency to increase in risk with WQ at a greater degree than Site 3 and Site 4.

The relationship between the pathway's human health subscores (HHS) and the WQ was

plotted and certain characteristics were noted:

Surface Water Groundwater Air/Soil
Human Health Human Health Human Health

Site 1 Y=3.59X+0.34 Y=28.3X+14.2 Y=33.45X+6.66
Site 2 Y-4.23X+0.45 Y=27.9X+14.0 Y=23.55X+4.74
Site 3 Y=2.64X+0.27 Y=19.6X+9.7 Y=25.42X+5.06
Site 4 Y=5.87X+0.62 Y=17.OX+8.6 Y=28.73X+5.74
Site 5 Y--0.45X+0.06 Y=13.9X+7.0 Y=32.87X+10.52
Site 6 Y=3.78X+0.39 Y=04.2X+2.1 Y=25.68X+5.12.

It was observed that the air/soil volatile HHS typically increased at a greater rate than the

other two pathway HHSs. The exception was Site 2, installation located in Alaska, which

may be due to the relative low soil temperature found in the Arctic regions. It was further

observed that the air/soil volatile HHS made a considerable impact on the DPM score for

Site 5 and contributed to the sites ability to surpass the risk associated with similar

remedial conditions at Site 3 and Site 4. Hot, dry, windy conditions in the Southwest may

explain the reason behind Site 5's greater increase in relative risk of the remedial action as

the WQ increased. In addition, the relative low site score for Site 6 under remedial

conditions can be attributed to the low risk associated with the groundwater pathway for

that geological area. The human health subscore plots for each pathway are located in

Appendix D on pages 85 to 87 for further review.

Waste Containment. A plot and regression analysis was performed for the

waste containment effectiveness factor (WCEF) versus the sites DPM score. Regression

analysis was performed separately for the surface water pathway WCEF, groundwater

pathway WCEF, and the air/soil WCEF. As a reminder, a WCEF of 0.1 signifies

optimum containment and a 1.0 signifies little or no effective containment. WCEF values

36



between 0.1 and 1.0 represent varying degrees of containment efforts less than optimal,

but greater than none. WCEF descriptives are located in Appendix C.

Figure 7 illustrates the relationship of the DPM sample site scores versus the

containment efforts for the surface water pathway. Varying the surface water pathway

WCEF had little to no effect on the sites' DPM scores. Site 4 had the largest range in

risk, from 10.7 to 11.8, and Site 5 maintained a relative risk score of 10.7 for all values of

containment. This indicates independence between the WCEF and final site remedial risk

score for the case of a pathway where no contaminants are detected (referred to as a

potential pathway). The lack of change in a final DPM site score further demonstrates the

weight a pathway with a detected release has on the final score when compared to those

Varying Surface Water Waste Containment E ffectiveness
Factor (WCE F)

16

14 ---- - 1

12 site _S I2

10

6

-- SiH5
4

2 - SiH6

0
0.1 0.5 0.8 1

WCE F

Site 1: Y = 0.33(X) + 15.15, a= 0.112, r= 0.9891
Site 2: Y = 0.70(X) + 13.60, a = 0.239, r = 0.9892
Site 3: Y = 0.13(X) + 10.87, =0.050, r = 0.8847
Site 4: Y = 1.22(X) + 10.55, a = 0.415, r = 0.9958

Site 5: Y = 0.00(X) + 10.70, a = 0.000, r = 0.0000
Site 6: Y = 0.46(X) + 07.03, a = 0.158, r = 0.9791

Figure 7. DPM Site Rescores Versus Surface Water Pathway WCEF.
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pathways without detected releases. This would indicate that a RPM needs only to

consider the reduction in risk of pathways with the detected releases.

Figure 8 illustrates the relationship of the DPM sample site scores versus the

containment efforts for the groundwater pathway. It was observed that groundwater

human health receptor variables had a significant influence on the effect groundwater

containment had on the site scores. All sites, except Site 6, had high scores for the

"groundwater travel time to supply wells" variable. Site 1 and Site 2 can further attribute

their higher risk scores to the "population at risk from groundwater contamination"

variable and the "groundwater use of the uppermost aquifer" variable. Of the three

midrange risk sites, Site 3 superseded Site 4 and Site 5 in risk as the containment

Varying Groundwater Waste Containment E ffectiveness F actor

(WCE F)

25

20 •Site 1

- S lie 2
S 15 S lie 3

10---- S lie 4

S lie 6
10-

0.1 0.5 1

WCE F

Site 1: Y = 12.38(X) + 9.37, a = 4.56
Site 2: Y = 13.37(X) + 7.30, a = 4.93
Site 3: Y = 08.25(X) + 7.03, o = 3.04
Site 4: Y = 06.37(X) + 7.80, a = 2.35
Site 5: Y = 04.70(X) + 8.60, a = 1.74
Site 6: Y=00.67(X)+6.81,a= 1.25

Correlation Coefficient (all sites) 1-

Figure 8. DPM Site Rescores Versus Groundwater Pathway WCEF
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effectiveness decreased due to a larger "population at risk from groundwater

contamination" score and a high "groundwater travel time to surface water" score. Site 6

had little to no increase in the risk of the remedial action as containment effectiveness

decreased for the groundwater pathway.

In all cases of this research, a WCEF of 0.5 was used. The WCEF for

groundwater is limited to interpretation. The three possible containment factors are 1.0

for no effective containment efforts (do nothing), 0.5 for containing the further progress

of contamination movement, and 0.1 for the complete removal of contamination. It is

reasonable to assume that a WCEF of 0.5 will be used for all relative risk evaluations of

groundwater remediation.

The relationship of the DPM sample site scores versus the containment efforts for

the last pathway, air/soil volatiles, is illustrated in Figure 9. It was observed that the

containment effectiveness of the air/soil volatiles pathway had the relative same effect for

the majority of the sites. The two exceptions were Site 2 and Site 5; however, these

exceptions were not unexpected. Similar conditions exist for the relative risk of the two

sites as was identified in the waste quantity analysis: Site 2 is located near the Arctic

where average soil temperatures are very low; Site 5 is located in a dry, hot desert

environment where the average soil temperature is much higher than temperate regions.

Volatilization of compounds into the air is a function of soil temperature, therefore,

compounds will more readily volatilize in soils at higher temperatures.

Waste Concentration. The purpose of this research was to evaluate the use

of the DPM for calculating the relative risk of the remediation of Air Force sites with a

risk scenario of groundwater contaminated with benzene, toluene, ethyl benzene, and

xylene - contaminants present in petroleum products. Up to this point of the research

analysis, the DPM scores for the sample sites have been calculated using the research

established concentrations for the groundwater and air/soil pathways:
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Varying Air/S oil Waste Containment Effectiveness F actor
(WCE F)

30 

STie 1
25 J -- ' r

20 -*" S ite 2
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10 - Slle 5

5 - Site6

0

0.1 0.5 0.8 1

WCE F

Site 1: Y= 12.0(X)+ 13.55, o=4.10

Site 2: Y = 07.3(X) + 12.65, a = 2.51

Site 3: Y = 09.4(X) + 09.59, a = 3.23
Site4: Y= 11.6(X)+09.16, a =3.94
Site 5: Y = 14.2(X) + 08.86, a = 4.82
Site 6: Y = 11.8(X) + 05.62, a = 4.02

Correlation Coefficient (all sites) =- I

Figure 9. DPM Site Rescores Versus Air/Soil Volatiles Pathway WCEF

Groundwater Air/Soil
Concentration Concentration (ugAl) Concentration (mg/kgl
Benzene 77 0.86
Toluene 54 0.007
Ethyl Benzene 82 1.6
Toluene 150 2.7.

Of the four contaminant compounds, benzene is the only contaminant that exceeds the

Clean Water Act's maximum contaminant level (MCL) for safe drinking water - 5 ug/l

(Fetters, 1988: 376).

The presence of carcinogenic causing contaminants plays a significant role in

determining the relative risk of a site. Of the BTEX contaminants, benzene is the only

carcinogenic compound. The impact that benzene has on a site's DPM score was
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investigated by varying the presence of benzene at Site 5. The original score for Site 5

with a WQ of 1.0 and benzene concentrations left untouched in the groundwater and soil

was 23.9. Varying the presence of benzene provided the following results:

Site Condition DPM Site Score
No air/soil benzene 13.7
No groundwater benzene 20.8 (groundwater subscore = 0)
No air/soil, groundwater benzene 6.9
No air/soil, groundwater benzene at mcl 10.7.

The risk associated with the exposure to volatile air emissions of benzene is considerably

high at Site 5. As it was for Site 5, eliminating the presence of benzene in the

groundwater rathway zeroed that subscore for the remaining sample sites. It is easily

observed that benzene, a carcinogenic compound, is the contaminant of concern for sites

contaminated with BTEX additives.

Plot and regression analyses were performed for the benzene concentration versus

DPM site score for both the groundwater and air/soil pathways. To observe the

relationship of the site score and the benzene concentration, DPM scores were plotted for

the four waste quantity factors of Site 1. Figure 10 illustrates the relationships for the

groundwater pathway and air/soil pathway from the calculated scores presented in Table

2.. As benzene concentrations increase, variances in a site's score is much more

WPAF B - Groundwater Benzene Concentration Varlaflons 35 -bac

45 -.

35
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Figure 10. Site I Rescore Versus Benzene Concentration Variations.
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Table 2
Site 1 Rescore Data for Groundwater and

Air/Soil Benzene Concentration Variations.

Groundwater Concentration (ug/I)
WQ=1.0 WQ=0.7 WQ=0.3 WQ=0.1

1-4 24 18.2 10.6 6.9
5-15 27.2 21 12.7 8.6
16-48 31 24.1 14.9 10.5
49-160 31.4 24.4 15.2 10.7
161 -489 35.4 27.7 17.5 12.5
490-1577 36 28.2 17.9 12.8
1578-4979 40.6 31.9 20.4 14.8
4980- 15000 41.3 32.5 20.9 15.1

Air/ Soil Concentration (mg/kg)

WQ=1.0 WQ=0.7 WQ=0.3 WQ=0.1
0.00001- 0.0001 27.2 21.4 13.7 9.9
0.0001- 0.01 29.1 22.8 14.4 10.2
0.1 - 100,000 31.4 24.4 15.2 10.7

evident in groundwater than the air/soil medium. However, for both cases, the mere

presence of benzene made a significant impact on a site's score.

To better understand the impact benzene concentration has on a site's DPM score,

plots were made of the site score versus the WQ for four conditions: (1) groundwater

benzene concentration of 1 ug/l, (2) groundwater benzene concentration of 5 ug/l (MCL

under the CWA), (3) groundwater benzene concentration of 77 ug/l (the baseline

research concentration), and (4) groundwater benzene concentration greater than 4980

ug/l. The risk scores for each site are located in Table 3. Pages 91 to 96 in Appendix D

contain the plots for all six sample sites. At the lower end of the sites scores, waste

quantity of 0.1 and benzene concentration at I ug/l, the range of scores was from
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Table 3
Sample Site Rescores for Variations in Groundwater

Benzene Concentrations.

!Waste Quanliy = 1.0 I waste Quanilty = 0.7
Base 4980ugA tc R.A. boasel MCL - 5ug•1 ugA Base 4980ugA tc R .A. basel MCL - 5ug 1 ugA
Site 1 41.3 31.4 27.2 24 Sie 1 32.5 24.4 21 18.2
Site 2 40.4 27.5 22.5 18.8 Sile 2 32.1 21.6 17.5 14.4
Sile3 29.4 22.7 19.9 17.9 Sie3 23.1 17.6 15.2 13.6
Site 4 28.3 23.3 21.3 19.9 Site 4 22.1 17.9 16.2 15
Site 5 27.8 23.9 22.4 21.5 Slie 5 21.5 18.2 16.9 16.2
Sie 6 17.4 16.8 16.6 16.5 Site 6 13.2 12.6 12.4 12.3

lWaste Quanity = 0.3 1 lWasce Quanity = 0.1 I
Base 4980ugA c R .A. basel MCL - 5ug I ugA Base 4980ugA tc R .A. basel MCL - 5ug 1 ugA
Sile 1 20.9 15.2 12.7 10.6 Sile 1 15.1 10.7 8.6 6.9
Site 2 19.7 13.7 10.8 8.6 Sile 2 14.5 9.9 7.6 5.8
Site 3 14.7 10.9 9.1 7.9 Site 3 10.6 7.6 6.1 5.1
Site4 13.7 10.7 9.4 8.5 Site4 9.7 7.2 6.1 5.3
Site5 13.1 10.7 9.7 9.1 Sile5 9 7 6.2 5.6
Sile 6 7.5 7.1 6.9 6.9 Site 6 4.7 4.3 4.2 4.1

4.1 to 6.9. At the upper end of the site scores, waste quantity of 1.0 and benzene

concentrations greater than 4979 ug/l, the range of scores was from 17.4 to 41.3. It was

evident that as the WCEF increased (i.e., the containment effectiveness decreased), the

spread of scores within a site increased at a greater pace for the various degrees of

benzene concentrations.

Plots were also made for each sample -:.e to determine the impact benzene

concentrations in the air/soil medium had on a site's score. The score variations between

sites and within sites was much smaller than what was observed for benzene

concentrations in groundwater. In fact, the contamination concentration scenario

established for this research was at the high end of the air/soil medium impact on the site

score. The relative scores of the sample sites could only decrease; and, as Table 4

illustrates, the site scores would only decrease by a small amount. For all sample sites,

the difference between the high and low concentration scores was approximately one as

the waste quantity approached zero. Plots of the six sample sites are available for review

on pages 97 to 102 in Appendix D.
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Table 4
Sample Site Rescores for Variations in Air/Soil Volatile

Benzene Concentrations.

Wcsie Qucnlity = 1.0 Waste QuanIty = 0.7
High Conc Low Conc. H igh Low

B cs e (mgk~g) I(mgjkg) Bcase Conc. Conc.
Site 1 31.4 27.2 Siie 1 24.4 21.4
Site 2 27.5 25.2 Site2 21.6 19.9
Site3 22.7 19.4 Site3 17.6 15.2
S ite 4 23.3 19 Site 4 17.9 14.8
Site5 23.9 18.3 Site5 18.2 14.1

S ire 6 16.8 11.7 S ie 6 12.6 8.8
Waste Quanlity = 0.3 Waste Qucnlily = 0.1

H igh Low High Low
Base Conc. Conc. Bcse Conc. Conc.
Site 1 15.2 13.7 Site 1 10.7 9.9
Site 2 13.7 12.9 S ite 2 9.9 9.5
Site 3 10.9 9.7 Site 3 7.6 7
Site4 10.7 9.1 Site4 7.2 6.4
S ite 5 10.7 8.6 S ite 5 7 5.9
Site6 7.1 5 Site6 4.3 3.1
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VII. CONCLUSION

Overview

Selection of the appropriate remedial action for a waste contamination site has

typically been driven by cost and/or technical feasibility (Edmisten-Watkin, 1991: 293).

In an increasing number of cases, the significance in considering potential human health

and ecological risks in the selection of remedial alternatives has been observed when the

remediation of a waste contamination Eite has created public health concerns distinctly

different than the risks associated with the baseline conditions. Currently, the Air Force

has no standard to assist RPMs in the evaluation and selection of a remedial alternative

based on risk associated with the remediation action.

The Installation Restoration Program was created by the Air Force to address the

problems of contaminated sites that pose a threat to public health, welfare, and the

environment. An important component of CERCLA was the use of risk assessment. The

Air Force developed the DPM to assist in establishing priorities for funding remedial

actions based on the relative risk at IRP sites. The DPM provides a numerical score

representing the relative potential risk based on the environmental conditions at a site.

The purpose of this study was to evaluate the applicability of the DPM to

calculate the relative risk that would be associated with the remediation of a contaminated

site. Furthermore, once a remedial ilternative was selected, the relative risk of the

remedial action was compared to the reduction in relative risk of the baseline site. If the

relative risk of the remedial action was less than the reduction in risk of the baseline site,

the remedial alternative was classified as suitable for remedial actions. The intent of this

research was to provide a metric for Air Force RPMs to apply in the selection of remedial

alternatives.
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Objective I: Compare Relative Risk Between Remedial Alternatives

An Air Force environmental manager interviewed for this research was quick to

point out that using a subjective relative risk model for purposes of determining risk-

based funding created an environment where variables could be manipulated for purposes

of increasing the relative risk score of the site (Clendenin, May 1994). One such variable

was the waste containment effectiveness factor (WCEF). The WCEF leaves very little

intermediate interpretation to a RPM. Furthermore, the limits of the WCEF make it

impossible to distinguish between remedial alternatives under consideration. The only

eistinction that is possible between remedial technologies is the potential significant

releases identified in Appendix A - Remediation Technologies and Some Potential

Significant Releases. The DPM fails to consider the probabilities of failure, potential

release quantities, and disposal of residual by-products that are associated with an

individual remediation technology.

Objective II: Compare Reduction in Relative Risk of Site Versus Relative Risk of

Selected Remedial Alternative

Figure 11 illustrates remedial action DPM scores for each sample site versus the

change in baseline risk of each site from remedial efforts. For each sample site, the

relative risk of the remedial action was less than the change in baseline risk from the

remedial effort. Unfortunately, this will be the case for all sites using the DPM. The

driving factor behind a site's DPM score is the WCEF for each pathway. The mere fact of

turning on the pump in a pump and treat situation doubles the waste containment

effectiveness of the groundwater pathway and reduces the pathway human health score

50%. The only way the relative risk of a remedial action will be greater than the relative

risk of the reduction in baseline site risk is if the WCEF is lessened from remedial

efforts.However, this will only be the case for pathways with detected releases. Referring

back to page 37 and Figure 7, it was demonstrated that for a pathway where no
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Comparison of Relative Risk of Remedial Action vs. Change in Baseline Site
Relative Risk
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FIgure 11. Comparisons Between Sample Sites' Remedial Action Scores vs. Reduction in Baseline Risk

contaminants were detected (referred to as a potential pathway) varying the WCEF had

little to no effect on the final DPM score.

Recommendations

There will most likely continue to be an increasing level of interest and oversight

of environmental cleanup programs such as the IRP for the next decade. Today's cleanup

efforts are influenced by public concern over health risk and requirements to quickly

transition closure bases for public use. In addition, environmental funding is becoming

increasingly tighter with Congress expecting to see more cleanup results than risk studies

(Walsch, May 1994). It is important that the Air Force be able to show continuous

progress toward restoring the environment and eliminating the threat posed by the worst

sites. To justify and properly manage resources for the IRP in the future, the Air Force

needs to employ risk based methods to assess progress.
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One area that should be investigated is the performance of absolute risk

comparisons using guidelines established by The Agency for Toxic Substances and

Disease Registry (ASTDR). Using the quantitative approach, the magnitude of risk and

risk reduction will be established for remedial efforts. Furthermore, it will be possible to

distinguish among efficiencies of remedial alternatives. Finally, quantitative risk

assessments take into consideration the long term risk factors associated with remedial

alternatives and the time factor.
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LIST OF ACRONYMS:

ADI Average Daily Intake

BTEX Benzene, Toluene, Ethyl Benzene, Xylene

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

DoD Department of Defense

DPM Defense Priority Model

EPA U.S. Environmental Protection Agency

FS Feasibility Study

HARM Hazard Assessment Risk Model

HRS Hazard Ranking System

IRP Installation Restoration Program

MCL Maximum Contaminant Level

NFA No Further Action

NPL National Priority List

PA Preliminary Assessment

PRGS Preliminary Remediation Goals

RAGS Risk Assessment Guidance for Superfund

RD/RA Remedial Design/Remedial Action

RI Remedial Investigation

ROD Record of Decision

RPM Remedial Project Manager

SARA Superfund Amendments and Reauthorization Act

SI Site Investigation

VOC Volatile Organic Compound

WCEF Waste Containment Effectiveness Factor

WQ Waste Quantity
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Appendix A: Remediation Technologies and Some Potential Significant Releases
(USEPA, 1991: 37-41)
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Appendix B: DPM Algorithm
(ODASD(E), 1992: GI-G12)

SURFACE WATER PATHWAY

Smare .�, .. �. (rx -Mmbm Factor
- •ZmLfl m(dirle one) Multipllu ",• mule.) Smor. - (0-1)

1. Have contaminants been detected in 0 I00 1 100
urfabce water? If yes, assign score
of 100 and p to item [10]. If
no, assign a sore of 0 and proceed
to item I2].

Pathway haraeceristics

2. Dintace to nemrest auwfswe war 0123 4 12

3. -Netp eitation 0123 1 3

4. Surface•rouiom potetial 0123 4 - 12 -

5. Rainfal intesity 0123 4 12

6. SmfaIe hydraulic conductivity 0123 3 9

7. Flooding potntial 0123 10 - 30

S. Sum of items 12] through [ 78

9. Normalized owo (item 18 x
100f78)

10. Wast Containment effectiveness
factor

11. Waste quantity factor

2.. Final patway ore for .xhfioe
war (Item [M] X (item [10] +
item I111M2.
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GROUND WATER PATHWAY

Product Confidence
Score (score X Mblimnm Factor

Detected Releases (circe one) Multiplier mult.) Score (0-1)

13. Have contaminants been detected in 0 100 I 100
ground water? If yes, assign score
of 10o and poceed to item [20J. If
no, assign score of 0 and proceed to
item [14].

Pathway Characteristics

14. Distance to seasonal high ground 0123 10 60
water from base of waste or 456
contaminated zone and potential for

".discrete features in the mnsan'mted
zone to 'sho circuit* the pathway
to the water table

15. Hydraulic conductivity of the 0123 5 15

unsatunrt zone

16. Ianltlmtionpountial 0123 5 is

17. Geochemical properties of the 0 1 23 5 15
vadoe zone

18. Sum of items [14] trough [17] 105

19. Normalized sore (item [18] x
100/105)

20. Wast containment effectivenes
fa:tor

21. Wage quantity fictor

22. FMinal pathway core for gro•d
WW (Item 1-9 x (it [20] +
item [..11)/2)- --
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AIR/SOEL VOLATILES PATHWAY

ScoreProduct Confidence
S(c re x Maimuan Factor

Detected Releases (cicle oe) MWdPla mult) Scnoe (0-1)

23. Have volatile contaminants been 0 100 1 100
detecttd in ambient air above
background levels? If yes, assign
score of 100 and proceed to item
[32]. If no, sign score of 0 and
proceed to item [24].

Pathway Characteristics

24. Have volatile contaminants been 0 3 12 36
detected in surface soil? If yes,
assign a score of 3 and proceed to
item ]. If no, Asign a sore of
0 to items [M41 and [34], and
proceed to item [3S].

25. Average summer soil temperature 0123 2 6

26. Net precipitation 0123 2 6

27. WVmi velocity 0123 2 6

28. Soilporosity 0123 2 6

29. Sum of items [24] through [213 60

30. Normalized won (item 12CM x
100/60)

31. Adjusted pathways score. If iem-
1231 is 100, rnter 100. If item
is 0 and item [24] is 0, enter 0. If
item [24] is not 0, enter value fiom -
item [30].

32. Wasta containment effectiveis..

factor4

33. Wage quantity factor

34. Final pathway acor for al/soil
volatiUe (item 13l] X (item 1321 +
item [33])/2)
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AI/SOIL DUST PATHWAY

Score
Produc't Confidence

Score (score x Maxlmmn Factor
Detedl d Releases (arde one) Muwtlpler mu.L) Sure (0-1)

35. Have non-volatllecontamiants been 0 100 1 100
detected in ambient air above
background levels? If yes, assign
c of 100 and pvcee-d to item

[44]. If no, assign score of 0 and
proceed to item [M.

Pathiav Chargderistics

36. Have non-volatilecontaminants been 0 3 12 36
detected in the surfae soil? If yes,
assign a sca of 3 and proceed to
itezo P7]. If no, assign a scor vof
0 to items [36] and [46K, and
pr to item [47].

37. Net precipitation 0123 2 6

39. W.nd velocity 0123 2 6

39. Days/year > 0.25 mm precipitation 0123 2 6

40. Site activity 0123 2 - 6

41. Sum of items [36] through [40] - 60

42. Normalizud scam (item [411 x
100/60)

43. Adjust pathways score. If ilem-
pM is 100, enter 100. If item [35
is 0 and item [36] is 0, enter 0. If
item 36] is not0, enter value fMn
item [42].

44. Waste containment effectiveness
factor

45. Waste quantity factor -

46. Final pathway score for air/soil dus --

(item [43] x (ium [44] + item
[4S-)/2)
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CONTAhMNANT HAZARD-SURFACE WATER

If contaminants have been detected in surfe water (aeon of 100 in iftm ID. complete itm [471 th•ough [52]. If
caslainants have not bee= detected (oon of Oin item [1), complet item I53) thimih [56].

Coufidmce
Score Factor

(circle me) Rmult (0.1)

47. Sum of Health Hazard Quotients
(from column 9 of the Surface
Water Hazard Worksheet for
detected releases).

48. Human Health Hazard Score (Table 0123
G-1). 456

49. Final Health Hazard Score for
surface water pathway (itm [48] x
100/6).

50. Sum of Ecological Hazard Quotients
(•ater the larger of the sum of
Column 10 of the Surface Water
Hazard Worksheet for detected
relase).

51. Ecological Hazard Scoe (Crable 0123
G-2). 456

52. Final Ecological Hazmd Scor for
turf=a water pathway (item [51] x
10016).

53. Maximm- Health Hazard Scare 0123456789 Cautailslant_
(fromt column 2 of the Surface
Water Hazard Workshee for man-
detected rleases).

54. FPial Health Hazard Score for
surface watr pathway • C•e [5 x
100/9).

55. maximum Ecological Hazard Scor 0123456 CGm.M t:...._
(from column 3 of the Sure
Water Hazard Worksbeet for non-
detected releases).

56. Final Ecological Hazard Scoam for
surface water pathway (item [IM x
100/6).
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CONTAMINANT HAZARD-GROUND WATER

If contaminants have been detetd in ground water (boe of 100 in item 113D, complete items [5'1 th=Uroh tl62. If
contaminants have not been detected (score of 0 in item U3D, complete items [631 through [66].

Confidmce
score Factor

(circle one) Result (0-1)

57. Sum of Health Hazard Quotients
(from column 9 of Ground Water
Hazard Worksheet for detected

58. Human Health Hazard Score (Table 0123
G-1). 456

59. Fial Health Hazard Score for
ground water pathway (item [58] X
100/6).

60. Sum of Ecological Hazard Quotients
(column 10 Ground Watter Hazard
Worksheet for detected releas).

61. Ecological Hazard Score (Tab" 0123
G-2). 456

62. Final Ecological Hazard Score for
ground water pathway (item [61] x
100/6).

63. Maximum Health Hazard Score 0123456789 Contaminant
(from column 11 of the Ground
Water Hazard Worksheet for non-
d deleases).

64. Final Health Hazard Score for
ground water pathway (item [3] x
100/9).

65. Maximum Ecological Hazard Scorn 0123456 Contaminat:
(from column 12 of the Ground
Water Hazard Worksheet for acm-
detected releases).

66. Fsal Ecological Hazard Score for
ground waler pathway (item [65] x
100/6).
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CONTAMINANT HAZARD-Am/SOnL VOAITILE

If volatile conaminanta have been detected in ambient air (nown of 100 in item W23D, or if volatile contaminant have been
detected in surface soil (score of 36 in iem [M) complete Rem [6"7 dthrogh [7. If volatile aa•m s have not been
detected in &L- or soil, proceed to [771.

Confidence
Score Factor

(drcle one) Remit (0-1).

.67. Sum of Health Hazard Quotients
(from coaim- 7 of the Air/Soil
Volatile Hazard Worksheet).

68. Human Health Hazard Score (Table 0123
G-1). 456

69. Final Health Hazard Score for
air/soil volatile pathway (item [68]
x 100/6).

70. Sum of Ternetrial Hazard Quotients
(from column $ of the Air/Soai
Volatile Hazard Workshee).

71. Ecological Hazard Score (Table 0123
G-2). 456

72. Final Ecological Hazard Score for
air/soil volatile pathway (item 71]
x 100/6).
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CONTAMINANT HAZARD-AIR/SOIL DUST

If non-volatile contaminants have been detected in ambient air (acorn of 100 in item [35=), ouif non-volatile contaminant

have been detected in surface soil (scorn of 36 in item [36M) complete items [77] through [I8]. If non-volatile contaminants
have not been detwcted in air or soil, poceed to [871.

Confidence

Score Factor
(drcle one) Result (0-1)

77. Sum of Health Hazard Quotients
(from column 9 of the Air/Soil Dust
Hazard Worksbect).

78. Human Health Hazard Score (Table 0123
G-I). 456

79. Final Health Hazard Score for
air/soil dust pathway (item [78] x
100/6).

80. Sum of Tezcsti' Hazard Quotients
(from column 10 of the Air/Soil
Dust Hazard Worksheet).

81. Ecological Hazard Scor (Table 0 123
G-2). 456

82. Final Ecological Hazard Sot for
air/soil dust pathway (tem [81] x
100/6).
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HUMAN HEALTH RECEPTORS-SURFACE WATER PATHWAY

Score
Product Confidence

Scue core x M.imun Factor
(drde am) Muldpflw muli.) Score (0-1)

87. Population that obtains drinking 0 1 23 3 9
water from potentially affected
marface wat body(ics) downstream

88. Water use of nearest surface water 0123 3 9
body0ies)

89. Population within 'A mi (06 m) of 0123 1 3
the site

90. Distance to the nearest inlation 0123 1 3
boundary

91. Land use and/or zoning within 2 0123 1 3
miles (3.2 kin) of the site

92. Sum of items I8 through [91] 27

9r. Fma.! Human Health Receptors
acor for suface water patmays
(item [92] x =P027)

ECOLOGICAL RECEPTORS-SURFACE WATER PATHWAYS

94. Importa/usalsitvity of biood 0123 S is
habitats in potentialy afiea
surfe water bodes nearest thes

95. Presence of "critical mnviroummmt 0 3 1 3
within 1..5 mile (2.4Ckim) of to site

96. Sum of items [4 ad [I"] -.-

97. Final Ecological Receptorscore for 18 -

inzrface water pahways (tm[6
x 100/18)

65



HUMAN HEALTH RECEPTORS--GROUND WATER PATHWAY

Score
Produdct Confidence

Scre (core x Maximumn Factor
(circle moe) Muliplier mulL) Score (0-1)

98. Estimated mean grouid water 0123 9 27
travel time from waste location to
nearest downgradient water
supply well(s)

99. Estimated man ground water 0123 1 is
travel time from current waste
location to may downgradient
surface water body that supplies
water for domestic use or for
food chain agricultue

100. Ground water use of the upper- 0123 4 12
most aquifer

101. Populationpotentiallyat risk from 036912 1 36
ground wat conutambation 18 24 27

36

102. Ppulatio within 1 mi (806 m) 0123 1 3
of the site

103. Distanentotheamrestinstallatioa 0123 1 3
bozusdazy

104. Sum of ibems D through [103 -6

105. Final Hm Health Receptors
uore for goud water p"hways
(item [104] x 100/96)

ECOLOGICAL RECEPTORS-GROUND WATER PATHWAYS

106. E'Pmated mom ground watr 0123 3 9
tavel tin' from waste location to
any domwgudieat ha•itat or
natural area

107. JImpnorce/masitivity of down- 0123 3 9
gradient biob/habitats that are
confirmed or suspected ground
water discharge points
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HUMAN HEALTH RECEPTORS-GROUND WATER PATHWAY (concluded)

Score
Product Confidence

Score (core x Mauimum Factor
(cirde one) Multiplier nulL) Scre (0-1)

108. Presence of *critical envinm- 013 1 3
ments' within 1.5 miles (2.4 kIn)
of the site

109 Sum of item 106 through 108 21

110. Final Ecological Receptors owe
for gr d water pathways (item
[1091 x 100/21)

HUMAN' HEALTH RECEPTORS-AR/SOiL.. VOLATILES/DUST PATHWAYS

Score
Product Confidence

Score wcore x Maaimiuln Factor
(circle one) Multiplier mulL) Score (0-1)

111. Population within 4 mile dius 091215 1 30
132124
2730

"112. Land use 0123 2 6

113. Distance to nes'est insldoa 0123 1 3
~bouindat?

114. Sum of items 11111 throuigh [M3 39

115. Final HumA Health Recpor
sown for air padaway(11smP141
x 100/39)

ECOLOGICAL RECEFTORS-AnI=OL VOLATULSDS PATHWAYS

116. Distanceto souitivee uvanmmt 0123 2 6

117. Prsence of "critim/l msawb- 0 3 1 3
mtsw' within 1.5 mile (24 km)
of the site

118. Sum of items 1116" and (1171 9

119. Final Ecologicl Rqiomf
fro r pathdws (Iti I[s] x
100/9)
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SCORING SUMMARY SET

Pathways Contaminant Receptors . Overall
Score Hazar Score Score Score

120. Surface water/human health sCores x x )/10,000 =
item [121 item [49]/[S4] item [931

121. Surface water/ ecological scorm C x x ) I10,000 = -

item [12] item [521/[S6] item I"7]
122. Ground water/human health Sco= x X ) /10,000 =

item [221 item [S9J[64 item [105]
123. Ground water/ ecological scores x x / 110,000 = -

item [2i] item [6/66] item [1101

124. Air/Soil volatiles humn Wo DI- x x / /10,000 =
i;tm [34] item [69] item [115]

125. Air/Soil volatiles ecologi scores x x ) /10,000 =
item [34] item [72] item [119]

126. Air/Soil dust human health acores x X ) I10,,0 0=
item [46] item [1 m [115]

127. Air/Soil dust ecological soe x x / /10,000 =-
item [46] item [821 item [119]

OVERALL S1TE SCORE

In this equation use the higher of the following pairs of values (1126 oW [1241 and ([1271 or 125D].

2. 5_.__ + ____ + ___ x 5 + L • + r___Y X s +
htem [1201 item [1211 item [12) item [12] item [124] item[15

or [126 or [1271
~tT

129. Over alltsitre= /4.24- "
tem 28
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Appendix C: Waste Containment Effectiveness Factors and Waste Quantity
Factors

(ODASD(E), 1992: 27-33,42-46,57-59, 68-70)

Waste quantity factors for site types other than landfills [11, 21, 33, 45]
Size of Impoundment Score

<1 acre 0.1
Surface Impoundments I to 10 acres 0.3

> 10 to 20 acres 0.7
>20 acse• 1.0

Quantity of Waste Score
<2,000 gal 0.1

Spills 2,000 to 10,000 gal 03
> 10,000 to 50,000 ga 0.7

>50,000 gal 1.0
Years Used Score
< 10 yeas 0.1

Frwe Training Areas 10 to 15 years 0.3
> IS to 20 years 0.7

>20 years 1.0

Size of Area Score
<1 acre 0.1

Waste Piles 1-3 acres 0.3
> 3-5 aes 0.7
>5 acres 1.0

Quantity of Waste Score
<5,000 gal 0.1

Above Ground Tanks 5,000 to 10,000 gal 0.3
> 10,000 to 100,000 gal 0.7

> 100,000 gsl 1.0

Quantity of Waste Score
<5,000 Sal 0.1

Underground Tanks > 5,000 to 50,000 Pl 0.3
>50,000 to 100,000 pl 0.7

> 100,000 gal 1.0

Se of Structure Score
<2,0 W 0.1

Endued Structures 2,500 to 10,000 V 0.3
> 10,000 to 50,000 V 0.7

>_50,oOOO 1.0
Plume Size Score
<0.5 mdes 0.1

Contaminated Grosd Water 0.5 to 1 mile 03
>I to 2 miles 0.7

>2 miles 1.0
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Waste containment effectiveness factors for surface water [10]
Uncapped Landfill Score

"* Contaminated mterimal has appurently been remnoved completely; area, is recontoured. 0.1

"* Contamminants are preent but appear to be effectively contained. 0.5
"* Contaminated ame is covered with an iuqervious material not normnally subject to

cracking.
"* Covered with adequate thickness of clean soil and revegetated.
"* Any significant run-on to are is diverted; if ware is in a floodplain, dikeuierms

effectively prevent floodwater encroachment. _________

"* Limnited containiment; contarninated are is covered effectively but needed run-on diversion 0.8
or flood protection is absentL

"* Contaminants mtay be exposed, but dhe ame is protected from significant run-on or
flooding, and surface runoff from dhe are is collected aod treated.

"* Contanminats may be exposed. Any runoff from die site would not be collected and 1.0

Waste containment effectiveness factors for surface water [10]
Capped Landfill Score

"* Site surface is properly graded. 0.1
"* Clay cap or other cover is in sound condition.
" Any potential run-on as effectively divested may from the ladill area.
"* If die landfill is in a floot~pIain. dikes or ber-, effectively pteven floodwater

encroachruent

"* Sifte is covered adequately and run-on diversion or flood proeotion structures we present, 0.5
if needed. Minrm problemsexiut with either the cover or dikte/diveso caa (e~g..
dike is in poor repair or the sifte surface is not adequately vegetated).________

"* Wamt is covered effectively, but needed run-on diversion or flood protecb traon e aroeem 0.8
abeesL

"* Wast is covered and any ne deddiediversion structures an presemtý but tog cover is in
very poor conldhito [extensive fill erosion ha ocrrd or clay/soil cover is less than I A
(0.3 m)thickl._ _ _ _ _ _

* Waste is exposed or leachase seeps have been reported. 1.0
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Waste containment effectiveness factors for surface water [10]
Liquid Containing Surface Imzpoundment Store

"* Sound dikes and adequate freeboard; if therm is an effluent, it is treated and discharged in 0.1
compliance with permnits.

"* Sound dikes, but inadequate freeboard. 0.5
41 No evidence of past overflows or uncontrolled discharge._________

0 Dikes are not leaking nor are they in &pparent danger of collapse, but there is some 0.8
evidence of potential unsoundness (e.g., earthen dikes are eroded).

0 No evidence of past overflows or uncontrolled discharge.

* Dikes are leaking or in danger of collapse. 1.0
& 'Mere is evidence of past overflows or uncontrolled discharges. _______

Waste containment effectiveness factors for surface water [10]

Non-liquid Containing Surface Impoundment Score

* Sifte anfce is properly graded. 0.1
0 Clay cap or other cover is in sound condition.
* Any potential rn-an is effectively diverted away from &he landfill mare
* If die marface impoundIen is in a floodplain, dikes or bets effecdvely preven

floodwater emcroacbwnent

* Site is covered adequately and run-on diversion or Glood probaedon stucites are present, 0.5
if needed. Minor problems exist with eather the covet or dike/diversion strcture (e~g.,
dike is in poor repair or the site surface is not adequately vegetated)._______

* Waste is coveted effectively. but neddrun-on diversion or flood proection . acturts are 0.3
absent

* Warstei covered and any needed dike/diversion structures am present, but the covet is in
very poor condoitn [exteamive rill erosion baa occmA or clay/soil cover is lees than 1 ft
(0.3 um) thiekj.

* Waste is exposed or leachate aseps have been reported. -1.0
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Waste containment effectiveness factors for surface water [10]

Spill Score

"* Contaminated material has apparently been removed completely; am is recontoured. 0.1

"* Contaminants ame present but appear to be effectively contained. 0.5
"* Contaminated ar is covered with an impervious material not normally msbject to

cracking.
"* Covered with adequate thickness of clean soil and revegetated.
"* Any significant run-on to ra is diverted; if am is in a floodplain. dikesIberms

effectively prevent floodwater encroachment.

"* Limited containment; contaminated ma is covered effectively but needed un-oa diversion 0.8
or flood protection is absent.

"* Contaminants may be exposed, but the ame is protected from significant run-on or
flooding, and surface runoff from the area is collected and treated.

"* Contaminants may be exposed. Any runoff from the site would not be collected and 1.0
treated.

Waste containment effectiveness factors for surface water [101

Former Fire Training Area Score

"* Contaminaled material has apparently been removed completely; am is recontoured. 0.1

"* Contaminants re present but appear to be effectively contained. 0.5
"* Contaminated a is covered with an inperious material not normaly subject to

cracking.
"* Covered with adequate thicknms of clean soil and revegetatad.
"* Any significant run-on to area is diverted; if area is in a foodplain, diltefberms

effectively prevent floodwater encroachmeat.

"* Limited containment; containated mam i covered effectively but needed run-on diversiom 0.8
or flood protection is absent.

"* Contamuunts may be exposed, but die am is protected from significant moon or
flooding, and surface runoff frvin the am is collected and Ieated.

"* Contaminants may be exposed. Any runoff from the site would not be collected and 1.0
treated.
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Waste containment effectiveness factors for surface water [10]
Active Fiwe Training Area Score

"* Area is smrrounded by sound concrete containment sructres with adequate freeboard to 0.1
prevent overflows.

"* Area is protected from floodwater encroachment.
"* Effluent from the area is collected, preteated in an oil-water separator, and sewt to a

wastewatr treatment plant.

"* Containment stuctures arm sound but lack adequate freeboard. Effluent from the area is 0.5
collected, pretrated in an oil/water separator, and sent to a wastewater treatment plant.

"* Potential unsoundness in containment stu'ctres (e.g., constructed of earthen materials 0.8
instead of concrete). Effluent from the am is collected preunated in an oil/water
separator, and sent to a wastewater treatment plant.

F Surface effluent from area is not Con rolled. 1.0
* Effluent are discharged directly from oil/wate separator.

Waste containment effectiveness factors for surface water [10]
Waste Piles Score

"* Contaminated material has apparently been removed completely; area is recoazoured. 0.1

"* Contarnmnats are present but appear to be effectively contained. 0.5
"* Contmirnated area is covered with an impervious material n normally subject to

cracking.
"* Covered with adequa thickness of clean soil and revegetated.
"* Any significant run-an to area is diverted; if area is in a floodplain, dike/aberms

effectvely prevent floodwater encroachment.

" Limted contaunment; contaminated area is covered effectively but needed run-on diversion 0.8
or flood pronecton is absent.

"* Contansina amy be exposed, but the are is protected from mgtdhcant nun-on or
flooding, and surface runoff froom the area is collected and oeated.

* Contaninants may be exposed. 1.0
* Any runoff from the site would not be collected and treated.
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Waste containment effectiveness factors for surface water [10]

Above Ground Tank Score

"* Above ground tanks and piping ar in sound condition and inspected regularly. 0.1
"* Tank area and associated tansfer facilites are surrounded by a sound surface-water

diversion system.
"* It is bermed to prevent floodwater encroachment and to contain spills.
"* No evidence of past leaks or spills.

"* Above ground tanks and piping ar in sound condition and tank area is bermed. Berms 0.5
need repair or may be inadequa to contain spillage and subsequent rainfall.

"* Above pound tanks and piping in sound condition but the area is not berned. 0.8
"* Tanks are sound and the area is properly bormed, but there is evidence of past leaks or

spills within the bermed area.

"* Above ground tanks or piping are not in sound condition (e.g., they are visibly corroded 1.0
or leaking); there is evidence of past leaks or spills in areas not protected by berms.

Waste containment effectiveness factors for surface water [10]'

Underground Tank Score

0 Impact on surace Water is not likey. 0.1
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Waste containment effectiveness factors for surface water [10]

Site within Enclosed Structures Score

"* Tanks, piping, containers, etc., are in sound condition and are inspected regularly. 0.1
"* Drainage from hazardous-material handling and storage areas is isolated from floor drain

systems tt connect to storm water drainage systems or sanitary sewers and is treated

prope-y.
"* Any past spills or leaks am cleaned up completely.

"* Tanks, piping, containers, etc., ae in sound conditon and an inspected regularly. 0.5
"* There is no evidence of past spills or leaks, but drainage from hazardous-material handling

and storage areas is not effectively isolated from floor drain systems that connect to storm
water drainage systems or sanitary sewers.

"* Tanks, piping, containers, etc., an not in sound condidon. 0.8
"* There is evidence of past spills or leaks, but drainage from hazardous-material handling.

Storage area are isolated from the floor drain systems dtat connect to storm water drainage
systems or sanitary sewers.

"* Tanks, piping, containers, etc., an not in sound condidon. 1.0
"* There is evidence of past spills or leaks, and drainage from hazardous-material handling.
"* Storage areas are not effectively isolated from floor drain system that connect to storm

water drainage systems or sanitary sewers.

Waste contaiment effectivenes factors for surface water [10 -
Sitet with Ground Water Contamsination Score

9 Impact on surface water is noot likely. 0.1
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Waste containment effectiveness factors for ground water pathways [20]

Uncaipped Landfills Score

"* ContazninaWe materials appear to have been removed completely. 0.1

"* Contaminated area is covered with iuzqxrvious material that is expected to prevent further 0.5
infiltration and leaching. __________

"* No clean-up action or covering has been done. 1.0

Waste containment effectiveness factors for ground water pathways [20]

Capped Landfills Score

"* Liner is essentially impermeable, intact, and chemically compatible with dhe waste. 0.1
"* Cover is of low permeability and is intact.
"* Leachate collection system is above the liner.
"* Backup protection is supplied by a double liner with an adequate leakage detection system.
"* Backup protection is supplied by a ground water monitoring system that is adequate in

type, number, and locadon of devices.

"* Physical containment is adequate, but leakage detection and/or die ground water 0.5
monitoring system is inadequate. _______

"* Minor deficiency in die physical containment system; liner in moderately permeable, cover 0.5
is defective, or no leachate collection.

"* Major deficiency(ies) in die physical containmenst systam; line is absen, liner is known to 1.0
be perforated, liner is probably chemically incompeatble with the waste.

Waste containment effectiveness factors for : ground water pathways [20]

Liquid Containing Surface Impoundment Scoe

"* Liner is essentially impermeable, intact, and chemically compatible with the wast. 0.1
"* Backup protection is supplied by a double liner or appropriate leakage Id-, A on systm.
"* Ground wate monitoring devices am adequate in "yp, number, and location.

"* Physical conftaiment systemn as sound, but leakage detecton and/cr ground wate 0.5
monitoring system is inadequate.________

"* Minor deficiency(ies) in physical containment; double lmine s modwastaly permeable or in OJ
deteriorating condition.

"* Major deficiency~ies) in physical containment system; liner is abseft, liner is known to be 1.0
perforated, liner is probably chemically incompatible with the waste.
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Waste containment effectiveness factors for ground water pathways [201
Non-Liquid Containing Surface Impoundment Score

"* Liner is essentially impertneable, intact, and chemiecally couipatiblea wibth de waste. 0.1
"* Cover is of low permeability wad is intact.
"* f -ch-t collection system is above the liner.
"* Backup protection is supplied by a double finer with an adequate leakage detectiont system.
"* Backup protection is supplied by a pround water monitoring system tha is adequate in

type, number, and location of devices.

"* Physical containment is adequate, but leakage detection and/or dhe ground water 0.5
monitoring system is inadequate. _______

"* Minor deficiency in the physical containment system; liner is moderately permeable, cover .0.8
is defective, or no leachate collection.

"* Major deficiencyfies) in dhe physical containment system; liner is absent. liner is known to 1.0
be perforated, liner is probably chemtically incomnpatible with the waste.II

Waste containment effectiveness factors for ground water pathways [20]

Spills Store

"* Contaminiated mnaterials appear to have beent removed comipletely. 0.1

"* Contamtinated are is covered with inipervious mater tal dias expected to prevent further 0.5
infiltiation and leaching. __________

* No clea"-u action or covering has been done. 1.0

Wasge containment efwfeciveness factors for ground water-pathways [201

Forume Fire Training Ame - sem

"* Co~ntaminated materials appear to have been removed ccuyltly. 0.1

"* Coitaniinated area is covered with impervious material dWias e Wetdt prevent liuthe 0.5
infitration and haching_ _ _ _

"* No dlean-up action or covering has bees done. 1.0
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Waste containment effectiveness factors for ground water pathways [201

Area Fire Training Area Score

"* Area is lined with material that is essentially impermeable, intact, and chemically 0.1
compatible with fuels.

"* Liner is protected from heat and puncture by an adequate thickness of buffer material
(e.g., sand under gravel).

"* Backup protection is supplied by a double liner or appropriate leakage detection or
monitoring system.

"* Facility is regularly inspected for containment integrity.

"* Containment system is sound but lacks complete backup protection. area has a concrete 0.5
surface with no double liner or leakage detection system, or there is no regular inspection.

"* Backup protection exists, but there are minor deficiencies in basic cotainment; liner is not
protected from heat by a buffer layer.

"* Containment system is present, but has potentially significant deficiencies. 0.8
"* Area has a concrete surface without heat protection, a double liner, or a leakage detection

system.
"* Liner materals are now suspected to be chemically incompatible with some fuel

consustitents.

"* Major de.lciencies in the containment system. 1.0
"* Arm is unlined.
"* Liner is a synthetc membrane not protected fom puncturing.
* Liner is perforated or shows other visible signs of deterioration.

Waste containment effectiveness factors for ground water pathways [20]

Waste Pile Sore

"* Contaminated materials appear to have been removed complely. 0.1

"" Contaminated area i covered with impervious material tht is expected to prevent further 0.5
infilration and leaching.

"" No clean-up action or covering has been done. 1.0
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Waste containment effectiveness factors for ground water pathways [201

Above Ground Tank Score

"* Tanks and piping am in sound condition and are inspected regularly. 0.1
"* Tank area is lined to prevent infiltration to ground water and smounded by berms.

"* Tanks and piping are in sound conditon. but tank area is not lined. 0.8
"* Tank arma is bermed and lined to prevent infiltration to ground water, but tanks or piping

show signs of deterioraton.
"* There is evidence of past leaks or spills within the lined and beImed area.

"* Tanks or piping are leaking. 1.0
"* Tank area is not adequately lined and bermned and tanks or piping show signs of

deterioration.
* There is evidence of pat leaks or spills in areas not protected by linen and berns.

Waste containment effectiveness factors for ground water pathways [20]

Underground Tank Score

"* Tanks and piping am double-wailed or installed above an impermeable liner. 0.1
"* Interior lining of tanks and piping is chemically companible with contents.
"* Outer walls of tanks and piping are of noncorrsiblo material or cadiodicafly protected

fiom corrosion.
"* Leakage detection system exists.

"* Tanks and piping am appropriately constUd but no leakage detection system exists. 0.5

"* Some deficiencies in tanks, piping, andfor leakage detection system. 0.8
"* Tank is double-walled and leakage detection system exists, but outer wails are not

protected fron corrosion.
"* Tank is double-walled and a leakage detection system exists, but interior liing of tank

my not be chemically compatible with tank contts.
"* Tank is siangle-walled and not insallled above an inpermeable liner, but tank material is

nonlcoronsible and chemically compatible with tank cooew and thee is a leakage
detection system.

"* Major deficiencies in physical outainient; tank is snipe-wafled not insalled above an 1.0
inyenneable liner, and them is wo leakage detection system.
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Waste containment effectiveness factors for ground water pathways [20]

Site within Enclosed Structure Score

"* Tanks, piping, containers, we., are in sound co-ditnon and am inspected regularly. 0.1
"* Drai•ge faro hazardous-material handling and storage areas is treated properly and is

isolated from the floor drain systems that connect to storm water drainage systems or
sanitary sewers.

"* Any past spills or leaks are cleaned up completely.

"* Tanks, piping, containers, etc. are in sound condition and are inspected regularly. 0.5
"* There is no evidence of past spills or leaks, but drainage from hazardou-naterial handling

and strage areas is not effectively isolated from floor drain systems that connect to storm
water drainage system or sanitary sewers.

"* Tanks, piping, coafainers, etc., are not in sound condition, visibly corroded or leaking. 0.8
"* There is evidence of past spills or leaks, and drainage from hazardous-material handling

and storage areas is not effectively isolated from floor drain systems that connect to storm
water drainage system or sanitary sewers.

Waste containment effectiveness factors for ground water pathways [20]

Site with Ground Water Contamination Score

In general. =sign a score of 1.0 to signify uncoitained contamiuntion in the pound water. If
some ground water cleanm has been done, a lower score may be assigned using the guidance
below:

* Cotnuiia-,d war is believed to have been removed compleWy. 0.1

* Coustaimnent enclave is physically contained; subsurface cutoff walls adached to low- 03.
pemeability layers.

* Conbaainan enclave has not been removed or effectively contained. 1.0
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Waste containment effectiveness factors for airlsoil volatiles pathways [321

Uncapped Landfill Score

0 Daily cover material is applied. 0.5

* No daily cover material is applied. 1.0

Waste containment effectiveness factors for airlsoil volatiles pathways [32]

Capped Landfidl Score

* Landfill is covered with a compacted clay cap which is in good conditon. 0.1
0 Baromteuic pumping of die landfill is vented to VOC contol system.
* Landfill surface is covered with vegetation to prevent fugitive dust emissions.

0 Landfill is covered with a compacted clay cap which has little or no damage. 0.5
* Landfill is vented to the atmosphere.
0 Vegetaton cover or a dust suppression system used to prevent fugitive dust emissions.

* Landfill is covered with a compacted clay cap. 0.8
* No vegetation or a dust suppression system 6 present to comn fulgtive dust emissions.

* Landfill lacks a clay cap and a soil cover. 1.0

Waste containment effectiveness factors for air/soilvolatileo s Othways: [321

Liquid Containing Surface Impoundment Score

* Surface is covered with a syuuhedc membrane or a day cap. 0.1

* Impoundment his a wind barrier. 0.5

* Impoundment has a day cap, in poor coadition and conain. liquid from anwater. 0.5

* Impoundment has no clay cap or barrier and contain. litpid derived from rainwater. 1.0
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Waste containment effectiveness factors for air/soil volatiles pathways [32]
Non-liquid Containing Surface Impoundment Score

* Impoundment is covered or has a wind barrier. 0.1

* Impoundme is open to the aonosphere. 0.8

Waste containment effectiveness factors for air/soil volatiles pathways [32]
Spill Score

9 Contaminated am is completely covered by a permanent Sructure such as a paved surface 0.1

or building.

* 50% or more of the contaminated area is covered. 0.5

* Contaminated am is less dtan 50% covered. 0.8

0 No covering of the contaminated area. 1.0

Waste containment effectiveness factors for air/soil volatiles pathways [321

Former Fire Training Area Score

* Contaminated area is completely covered by a permanent scmne such as a paved surface 0.1
or building.

* 50 % or more of the contmfinated am is covered. 0.5

0 Contaminated area is len dhan 50% covered. 0.1

* No covering of &e contaminated area. 1.0

Waste containment effectiveness factors for air/soil volatiles pathways [32]
Active F're Training Area Score

* Contaminated area is completely covered by a permanent mcarem such as a paved surface 0.1
or building.

e 50% or more of de conta-inat-e am is covered. 0.5

0 Contaminated am is less dan 50% covered. 0.8

0 No covering of dhe contaminated am. 1.0
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Waste containment effectiveness factors for air/soil volatiles pathways [32]

Waste Pile Score

* Waste pile is capped and covered witd a physical barrier (e.g., tarp). 0.1

* Wa.qe pile is covered with physical barrier (e.g., tarp). 0.5

* Waste pile is open to atmosphere, no cover used. 1.0

Waste containment effectiveness factors for air/soil volatles pathways [32]

Above Ground Tank Score

* Contaninated area is compleftly covered by a permanent smscmre such as a paved surface 0.1
or building.

* 50 % or more of the continated area is covered. 0.5

* Cotai,,-na--d amre is less dhan 50% covered. 0.8

0 No covering of the cosuminated area. 1.0

Waste containment effectiveness factors for air/soi volatiles pathways [321

Underground Tank Score

* Coutaminazed area is completely covered by a permanent stuctre such as a paved surface 0.1
or building.

* 50% or more of the cooninatad area is covered. 0.

* Couuninaa darea is less dhan 50% covered. 0.8

* No covering of the cortamnaiad area. 1.0
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Appendix D: Sensitivity Analysis Regression Plots

Waste Quantity Variations Under Remedial Conditions

35

30 Site I

a 25 Site2

.• 20 S ite 3

815 - Site4

(0
510 • S lie 5

5~ Site6

0
0.1 0.3 0.7 1

Waste Quantity

WQ Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
0.1 10.7 9.9 7.6 7.2 7 4.3
0.3 15.2 13.7 10.9 10.7 10.7 7.1
0.7 24.4 21.6 17.6 17.9 18.2 12.6

1 31.4 27.5 22.7 23.3 23.9 16.8
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Surface Water - Human Health Scores

7

6 Site 1

5 
S Site 2S4 -- S iHe 3

S3 • Site 4

2 ------ Site 5

Site 6

0t

0.1 0.3 0.7 1

Waste Quantity

WQ Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
0.1 0.7 0.9 0.5 1.2 0.1 0.8
0.3 1.4 1.7 1.1 2.4 0.2 1.5
0.7 2.9 3.4 2.1 4.7 0.4 3

1 3.9 4.7 2.9 6.5 0.5 4.2

Site 1: Y = 3.59(X) + 0.34, a = 1.25
Site 2: Y = 4.23(X) + 0.45, a = 1.48

Site 3: Y = 2.64(X) + 0.27, a = 0.92

Site 4: Y = 5.87(X) + 0.62, a = 2.05

Site 5: Y = 0.45(X) + 0.06, a = 0.16

Site 6: Y = 3.78(X) + 0.39, a = 0.39

Correlation Coefficient (all sites) 1
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Groundwater - Human Health S cores

4540

3 Site 1
35

305 -- - S ite 2

0

0.1 0.3 0.7 1

Waste QuanSity

WQ Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

0.1 17 16.8 11.7 10.3 8.4 2.5
0.3 22.6 22.3 15.6 13.7 11.2 3.4
0.7 33.9 33.5 23.5 20.5 16.8 5

1 42.4 41.9 29.3 25.6 20.9 6.3

Site 1: Y = 28.23(X) + 14.15, a = 9.86

Site 2: Y = 27.9 1(X) + 13.97, a = 9.74

Site 3: Y = 19.59(X) + 09.74, = 6.84

Site 4: Y = 17.00(X) + 08.60, = 5.93

Site 5: Y = 13.90(X) + 07.03, a = 4.85

Site 6: Y = 04.19(X) + 02.10, = 1.46

Correlation Coefficient (all sites) = 1
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Air/S oil Volatlies - Human Health S cores

45

40
SSite 1

35

30

W25 -te SQi3

S20 ---- o----- S2 ie 5

15 Stie5

10
SSite 6

5

0

0.1 0.3 0.7 1

Waste Quantity

WQ Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

0.1 10 7.1 7.6 8.6 9.8 7.7
0.3 16.7 11.8 12.7 14.4 16.4 12.8
0.7 30.1 21.2 22.8 25.8 29.5 23.1

1 40.1 28.3 30.5 34.5 39.4 30.8

Site 1: Y = 33.45(X) + 6.66, a = 11.68
Site 2: Y = 23.55(X) + 4.74, a = 8.22
Site 3: Y = 25.42(X) + 5.06, a = 8.87
Site 4: Y = 28.73(X) + 5.74, a = 10.03
Site 5: Y = 32.87(X) + 6.52, a = 11.47
Site 6: Y = 25.68(X) + 5.12, a = 8.97

Correlation Coefficient (all sites) _= 1
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Varying S urface Water Waste Containment E ffectiveness
Factor (WCE F)

16

14 
- He 1

12 12 
Site 2

210 S lio8 ---- s--3S 8

Slte4
a 6

-4-- Site 5
4
2 a S le 6

0
0.1 0.5 0.8 1

WCE F

WCEF Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
0.1 15.2 13.7 10.9 10.7 10.7 7.1
0.5 15.3 13.9 10.9 11.1 10.7 7.2
0.8 15.4 14.2 11 11.5 10.7 7.4

1 15.5 14.3 11 11.8 10.7 7.5
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Varying Groundwater Waste Containment E ffectiveness F actor

(WCE F)

25

2 Site 120

SSite 2
2-15-Site3

10 SIte4

0

0.1 0.5 1

WCE F

WCEF Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
0.1 10.8 8.8 8 8.6 9.2 6.9
0.5 15.2 13.7 10.9 10.7 10.7 7.1

1 21.9 20.8 15.4 14.3 13.4 7.5
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Varying Air/S oil Waste Containment E ffectiveness F actor
(WCE F)

30

25 S telI

Site 2
20

U~15

-~Site 4

10 site 5

5 S Site 6

0.1 0.5 0.8 1

WCE IF

WCEF Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
0.1 15.2 13.7 10.9 10.7 10.7 7.1
0.5 18.8 15.8 13.7 14.3 15.2 11
0.8 23 18.4 17 18.3 20.1 15

1 26 20.3 19.4 21.1 23.4 17.7
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S Ite I - Remedial Action R Isk S cores as Groundwater Benzene
Concentrations Vary

45

40

35 a 4980ugA lo 10,000ugA

25 - R.A. base!ine - 77ugA

*2 MCL - 5ugA

0 1 UgA15

10 4 OugA

5
0 I I

0.1 0.3 0.7 1

Waste Quantity

WQ 4980ug/I R.A. MCL - 1 ug/l
to baseline 5ug/l
10,000ug - 77ug/l
'I

0.1 15.1 10.7 8.6 6.9
0.3 20.9 15.2 12.7 10.6
0.7 32.5 24.4 21 18.2

1 41.3 31.4 27.2 24
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S Ito 2 - GW B enzene Concentration Variation

45

40

35 _________

30 - 4980ugfi lo 1O.OO0ugAi

825 R .A. baseline - 77ugA
U)

S20 -- MCL - 5ugA

15 --- lg

101 

g

5

01

0.1 0.3 0.71

Waste Quantity

WQ 4980ug/l R.A. MCL - l ug/i
to baseline - 5ug/l
I1O,OO0ug/l 77ug/i

0.1 14.5 9.9 7.6 5.8
0.3 19.7 13.7 10.8 8.6
0.7 32.1 21.6 17.5 14.4

1 40.4 27.5 22.5 18.8
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S Ite 3 - GW B enzene Concentration Variations

25

S20 I 4980ugA to 10,000ugA

R.A. baseline - 77ugA
S15

'- MCL - 5ugA

10 lugA

0.1 0.3 0.7 1

Waste Quantity

WQ 4980ug/I R.A. MCL - lug/i
to baseline - 5ug/l
1 0,000ug/l 77ug/l

0.1 10.6 7.6 6.1 5.1
0.3 14.7 10.9 9.1 7.9
0.7 23.1 17.6 15.2 13.6

1 29.4 22.7 19.9 17.9
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S Ito 4 - GW B enzene Concentration Variations

30

20 5 
4980ugA to 10,O00ugA

3 R.A. baseline - 77ugA
C')15

-- MCL - 5ugA

10 lugA

5

0 I I

0.1 0.3 0.7 1

Waste Quantity

WQ 4980ug/I R.A. MCL - lug/l
to baseline - 5ug/l
10,000ug/l 77ug/l

0.1 9.7 7.2 6.1 5.3
0.3 13.7 10.7 9.4 8.5
0.7 22.1 17.9 16.2 15

1 28.3 23.3 21.3 19.9
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S Its 5 - GW B enzene Concentration Variations

30

25

20 4980ugito 10OO00ugA20

S -a- RA. baeline - 77ugAi
""15

MCL - 5ugA

10 lugA

5

0 I

0.1 0.3 0.7 1

Waste Quantity

WQ 4980ug/I RA. MCL - lug/i
to baseline - 5ug/I
10,000ug/l 77ug/I

0.1 9 7 6.2 5.6
0.3 13.1 10.7 9.7 9.1
0.7 21.5 18.2 16.9 16.2

1 27.8 23.9 22.4 21.5
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S Ito 6 - GW Benzene Concentration Variations

18

16

14

12 -- 4980ugA 1, 1O.OO0ugA

10 -- R.A. baseline - 77ugA

S8 MCL - 5ugA
6 1 uQA

4

2

0 I

0.1 0.3 0.7 1

Waste Quantity

WQ 4980ug/1 R.A. MCL- lug/h
to baseline - 5ug/l
10,000ug/l 77ug/l

0.1 4.7 4.3 4.2 4.1
0.3 7.5 7.1 6.9 6.9
0.7 13.2 12.6 12.4 12.3

1 17.4 16.8 16.6 16.5
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S Ito I - R emedial Action R Is k S cores as AIr/S oil Volatile
Benzene Concentrations Vary

35T

30

25
20 High Concenrahlon

Low Conceniraton

0 No Benzene
10

0.1 0.3 0.7 1

Waste Quantity

WQ High Low
Concentr Concentr
ation ation

0.1 10.7 9.9
0.3 15.2 13.7
0.7 24.4 21.4

1 31.4 27.2
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S Ito 2 - AIr/S oil B enzene Concentration Variations

30 T

25

20

S---- High Concendiralon
C 15

Low Concentratton

10

5

0 I I

0.1 0.3 0.7 1

Waste Quantity

WQ High Low
Concentr Concentr
alion ation

0.1 9.9 9.5
0.3 13.7 12.9
0.7 21.6 19.9

1 27.5 25.2
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S Ito 3 - Air/S oil B enzone Concentration Variations

25

20

51

Low ConcentrationS10

0.1 0.3 0.7 1

waste Quantity

WQ High Low
Concentr Concentr
ation ation

0.1 7.6 7
0.3 10.9 9.7
0.7 17.6 15.2

1 22.7 19.4
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S its 4 - AIr/S oil B enzene Concentration Variations

25

20

S15
-- High Concenallon

R 10 Low Concentralon

5

0

0.1 0.3 0.7 1

Waste Quantity

WQ High Low
Concentr Concentr
ation ation

0.1 7.2 6.4
0.3 10.7 9.1
0.7 17.9 14.8

1 23.3 19
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S Ito 5 - Air/S oil B onzene Concentration Variations

25

20

-High Concentration

S0 Low Conceniraton

5

0 I

0.1 0.3 0.7 1

Waste Quantity

WQ High Low
Concentr Concentr
afion ation

0.1 7 5.9
0.3 10.7 8.6
0.7 18.2 14.1

1 23.9 18.3
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S Ito 6 - Alr/S oil B enzene Concentration Variations

18

16

14

12

W 10 HHigh Concentaon
CO

n Low ConcenCraelon

6

4

2

0

0.1 0.3 0.71

Waste Quantity

WQ High Low
Concentr Concentir
ation ation

0.1 4.3 3.1
0.3 7.1 5
0.7 12.6 8.8

1 16.8 11.7

102



Vita

Timothy L. Fuller was born on 27 May 1967 in Sioux Falls, South Dakota. He

graduated from Lincoln Senior High School located in Sioux Falls in 1985. He then

attended Iowa State University where he received the degree of Bachelor of Science in

Engineering Operations in May 1990. Upon graduation and commissioning as a Second

Lieutenant in the United States Air Force, he held the position of Chief, Industrial

Engineering Flight at F.E. Warren AFB, Wyoming from January 1991 to May 1992.

From June 1992 to May 1993, he held the position of Chief of Resources Flight, Kunsan

Air Base, Republic of Korea, where he was responsible for the squadron automation

systems, manpower, real property management, and financial resources. In 1992 he was

selected to attend the Class of 1994 Graduate Engineering and Environmental

Management Program at the Air Force Institute of Technology's School of Engineering.

Permanent Address: 3217 East 33rd Street
Sioux Falls, South Dakota
57103

103



REPORT DOCUMENTATION PAGE ?"4I.
iPuntLc -!on:,; zurcen *o .0 , s co,;ectxCf 07 -fTrrma:vOn IS list:MYalec "0 aweage ou eor esoo-se, - .n e o ~ev~ew-ýS ~ sza~-ýý st c a:a sources.
gav.her'f'q af'c ma'an Mg~' ~'.e C a-a reeCeo. ar-'C CO~.ri~iet MS no review on -,r cO C:ie:on of info. mevon Senc ca,-rers re~a-c:,,e n:s .--ce- s,: cr-.n, onrer asoneit of !.'!
co:leCt~cn ax 080 f'r!3.:o rcLudf'g suggestions for reuc~ng .h.s ouwer. *o warsrwgton Hea Luarel Semvces. Z).recoraze -o- :oa :- zeat~ons dn -?zors. *2'5 eflerson
Davis .•gnwav, S :t-e "2C,4. ,r .tInton. JA 222C2-.302. a•d to :re O e.of managemer: and Suaget., 0e."wcrx. Recu :on Pro:-... 7 )C as.2::o-..• C, .

1. AGENCY USE ONLY (Leave blank) 7 X&I2aQR1e s LIS AND ; ZPOC~r'N~4 Mafr s The~sis
S5. ?•.•X=.•GC .•:-ERS

&?TCTUU ERISK MODEL TO QUANTIFY .rx: s s
RELATIVE RISK OF REMEDIAL ACTIONS

6. AUTHOR(S)

Timothy L. Fuller, lLt, USAF

7. PERFORMING ORGANIZAT!ON NAME{S) AND A.DRESS(..S.........

Air Force Institute of Technology, WPAFB OH. 45433-6583 AFIT/GEE/ENV/94S- 11

9. SPONSORiNG/MCN.TORING AGENCY NAME*Si ANZ ADZ,.!:SS'ES 1. S:.: .,.

11. SUPPLEMENTARY NOTES

12a. D!STRIBUT!ON/AVAILABILITY STATEMENT '2-,. D:ST.3ýj3T'.N CCDE

Approved for public release; distribution unlimited

13. ABSTRACT 'Maxi.um 2O words.

To property manage the instauaton Restoration Program (IRP) in the future, Air Force remedial project
managers (RPMs) need a metric to assist in the selection of remedial alternatives for the safe and effective clean
up of waste contamination sites. If the baseline site risk assessment indicates that it is necessary to remediate a
waste contamination site, it is important to the RPM that the selection process for remediation alternatives
considers the potential human health and ecological risks associated with the proposed remediation process. In
some instances, the risks may be significant when compared to the baseline conditions.

The Air Force currently uses the Defense Priority Model (DPM) to assist in setting priorities for funding
remedial actions based on the relative risk at IRP sites. This study investigates the applicability of the DPM to
calculate the relative risks that would be associated with the remedial alternatives under consideration for
remediation of the contamination site characteristics. Rescoring the DPM to represent relative risk of a site
under remedial action conditions demonstrates that three factors influence the risk value of a remedial action:
waste quantity, waste containment effectiveness factor (WCEF), and waste concentration. Limits of the WCEF
made it impossible to discern relative risk between similar remedial alternatives. Furthermore, for all cases of
contamination sites under remedial conditions, the relative risk of the remedial action was less than the reduction
in baseline relative risk due to the improvement in waste containment.
14. SUBJECT TERMS C.: .. 7.3"- ? 'AGES

Defense Priority Model, Relative Risk, Remedial Alternatives 103

17. SEC R." S S . .SSF.A7:C"N -. 8. SEC•rY CLASS:;CA,7:OX .S. SM Z:7,.T.7..- .,-2:- E" -:,T:zx .S.CT

UncAWH 7 si encsNased UL

NSN 7540-01-280-5500 Sz":a-c :cr - 2SS (',e- 2-W9'
PSe z.-'T . c2
25s-*:


